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PURINE DERIVATIVES AS KINASE INHIBITORS 

Glycogen synthase ldnase-3 (GSK-3) is a serine/threonine piotein kinase first 
discoveied as one of a number of kinases capable of phosphoiylating and inactivating 
glycogen synthase, the regulatory enzyme of glycogen synthesis in mammals (Embi, et al., 
Eur. J. BiochenL, 107, 519-527 (1980)). Existing in two isofonns, GSK-3a and GSK-Sp, 
GSK-3 phosphorylales a wide variety of protems in vitro . The diversity of these proteins 
suggests a role for GSK-3 in the control of cellular metabolism, growth, and development. 

Type I diabetes is characterized by a lack of insulin resulting from die destruction 
of insulin producing cells in the pancreas. Type n diabetes is characterized by defective 
insulin secretion and action. The bindmg of insulm to its lec^tor initiates a cascade of 
events resulting in the phosphorylation and inhibition of GSK-3, contributing to the 
insulin-induced stimulation of glycogen and protein synthesis. Inhibitors of GSK-3 have 
been shown to mimic the actions of insulin (Coghlan, et si., Chem. Biol., 7, 793-803 
(2000)), including the ability to lower blood glucose levels in vivo (Norman, Drue News 
Perspect., 14, 242-247 (2001)). These recent discoveries sugg^ that inhibitors of GSK-3 
have a potential role in the treatment of diabetes. 

Alzheimer's disease is characterized by the micro-tubule-associated protein Tau 
existing in an abnormally hyperphosphorylated state (Cohen and Frame, Nature Reviews: 
Molecular Cell Biology. 2, 769-776 (October 2001) <www.nature.com/reviews/mol- 
cellbio>). GSK-3 phosphorylates many of the hyperphosphorylated sites on Tau in vitro, 
preventing it from binding to microtubules, making it available to undergo the aberrant 
filament assembly that may underlie the neuronal degeneration observed in Alzheimer's 
disease and other neurological disorders. Inhibitors of GSK-3, such as insulin and lithium 
ions, have been shown to induce a paitial dephosphorylation of Tau in neuronal cells 
(Cross, et J. Neurochem.. 77, 94-102 (2001)). These discoveries suggest that 
inhibitors of GSK-3 have a potential role in the treatment of degenerative neurological 
disonters such as Alzheimer's disease. 

WO 98/16528 describes purine derivatives, WO 99/65897 describes pyrimidine 
and pyridine derivatives, WO 00/38675 describes maleimides, and WO 01/56567 
describes diaminothiazole derivatives that are taught to be mhibitors of GSK-3. 
Additional GSK-3 inhibitors are necessary to provide treatments for GSK-3 mediated 
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endocrine and neurological disorders. The present invention provides inhibitors of GSK- 
3. 

The present invention provides compounds of Foimula I: 



where: 

is hydrogen, halo, or Q-CU alkyl; 
mis 0, 1,2, 3, or 4; 

R is -(CH2V, -CH(CH3>, -C(CH3)2-, -CHa-Q^-CHz-. or 
-CH(OH)-CH(OH)-CH2S 

is CH(OH) or carbonyl; 
nis 0, 1,2, 3, or 4; 

W-X-Y is -CH2-CH2-CH2-, -CH(R^')-N(R^)-CH(R^)-, -N(R*)-C(0)-CH2-, 
-C(0)-Q^-CH2-, -CH(R'V0-CH2-, or -CH(R^>N(R^-C(0)s 
is -N(RV or -CH2-; 

is hydrogen, -(C1-C4 alkylene)-R^, Cs-Ct cycloalkyl. tetrahydropyran-4-yl, 
pyridinyl, pyrimidinyl, triazolyl optionally substituted with amino, benzotfaiazol-2-yl, 
-C(S)-(morpholin-4-yI or C1-C4 alkoxy), -CCNR^^*^ -C(0)R^, -C02R^, -CO(NR*R^), 
-S02(NR*fe^), ^02(Ci-C4 alkyl), or an amino acid residue; 

R^ and R^' are independentiy selected from tiie group consisting of hydrogen and 
C1-C4 alkyl provided that only one of R^ and R^' may be C1-C4 alkyl; 

R"^ is hydrogen or C1-C4 alkyl; 

R^ is hydrogen, pentahaloethyl or trihalomethyl, cyano, hydroxy, C1-C4 alkoxy 
optionally substituted with C1-C4 alkoxy, C3-C6 cycloalkyl, phenyl optionally substituted 



H 




I 
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with up to three substituents independently selected firom the group consisting of halo and 
C1-C4 alkoxy, pyridinyl. imidazolyl optionally substituted on a nitrogen atom with Cj-Q 
cycloaDcyl, moipholin-4-yl, pynolidin-l-yl, -CO2H, -CO(Ci-C4 alkoxy), -CO(NR^^, - 
NR^^ or -(marpholin-4-yl)carbonyl; 

is hydrogen, Ci-Cio alkyl optionally substituted with up to three halo 
substituCTits, l-amino-2-methoxyeth-l-yl, C3-C6 cycloalkyl, pyridinyl optionally 
substituted with C1-C4 alkyl, trifluoromethyl, carboxyl, or (C1-C4 alkoxy)carbonyl, 
pyridinyl-N-oxide, pyiazinyl, pyrimidinyl, imidazolyl, morpholin^yl optionally 
substituted with up to two C1-C4 alkyl groups, [l,4]oxazepin-4-yl, azetidin-4-yl, 
tetrahydiopyran-4-yl, 3-methyl-6,7-dihydropym)lo[l,2-a]inudazol-6-yl, piperazin-4-yl 
optionally substituted in the 4 position with phenyl or Ci-C4 allqrl, pyrcolidin-l-yl, 
pipeiidin-l-yl optionally substituted in the 4-position with 0x0 or geminal dimethyl, 
piperidin-4-yl optionally substituted in the 1-position with (C1-C4 alkoxy)caibonyI or Q- 
C4 alkyl, or -<Ci-C4 alkylene>R"; 

R^ is C1-C6 alkyl optionally substituted with halo, 2-methoxyeth-l-yl, -(C1-C2 
alkylene)-(morpholin-4-yl or pyrrolidin-2-on-l-yl), or phenyl optionally substituted with 
one or two substituents independently selected from the group consisting of halo, C1-C4 
alkyl, C1-C4 alkoxy, and trifluoromethyl; 

R^ is hydrogen or Ci-Ce alkyl optionally substituted with Ci-<:4 alkoxy; 

R^ is hydrogen or Ci-Cs alkyl optionally substituted with C1-C4 alkoxy; 

R^^ is -OCH2CH2OCH3, -NR^^^^ C3-C6 cycloalkyl, morpholm-4-yl, 
thiomorpholin-4-yl, l,l-dioxothiomorpholin-4-yl, piperidin-l-yl, pyrrolidin-2-yl 
optionally substituted at the 1-position with C1-C4 alkyl, or imidazolyl optionally 
substituted with nitro; 

At is benzofur-4-yl, benzofur-7-yl, benzothien-4-yl, benzofliien-7-yl, 1- 
(R")benzimidazol-4-yl, l-(R")indol-4-yi, indol-7-yl, isoquinolin-5-yl, 23-dihydrobenzo- 
fur-4-yl, 2,3-dihydrobenzofur-7-yl, l,3-dihydn)isobenzofiir-4-yl, 13-dihydioisobenzofur- 
5-yl, benzo[13]dioxol-4-yl, benzo[l,3]dioxol-5-yl, 2,3-dihydrobenzo[l,4]dioxin-5-yl, 
2,3-dihydrobenzo[l,41dioxin-6-yl, 2*,2'-difluoiobenzo[l,3]dioxol-4-yl, or 2\2'-difluoro- 
ba[izo[l,3]dioxol-5-yl each optionally substituted in the phenyl ring with substituents R" 
and R", or At is a group selected from imidazo[l,2-a]pyridin-3-yl optionally substituted 
with one or two substituents independentiy selected from the group consisting of halo, 
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amino, C1-C4 allcyl, C1-C4 alkoxy, benzyloxy, cyano, and trifluoromethyl, 5,6,7,8- 
tetrahydroimidazo[l,2-a]pyridin--3-yl, imidazo[l,2-a]pyridin-5-yl, imidazo[l,2- 
a]pyriniidin-3-yl optionally substituted with amino, imida2o[l,2-c]pyrimidin-3-yl, 
imida20[l,2.a]pyrazin-3-yl, imid[azo[l,2-Z7]pyridazin-3-yl, imidazo[2,l-&]thiazol-3-yl, 
5 thiazolo[3,2-6][l,2,4]triazol-6-yl, furo[3,2-c]pyridin~7-yl optionally substituted with halo 
or-NR*V^, thieno[3,2-i?]pyridin-7-yl, pyrazolo[2,3.a]pyridin-3-yl, pyrazolo[l,5- 
fl]pyridin-3-yl, or 4,5,6,7-tetrahydropyrazolo[l,5-a]pyridin-3-yl; 
R" is hydrogen, C1-C4 alkyl, or -<CH2)p-G; 

is halo, hydroxy, amino, C1-C4 alkoxy, -NHC(0)(Ci-C4 alkyl), or 
10 -0-(CH2)p-G; 

R" is halo; 

p is 2, 3, 4, or 5; 

O is hydroxy or NR^'^R*^; 

R^* and R^^ are indq)endently selected from the group consisting of hydiogen and 
15 C1-C5 alkyl; 

R^^ is hydrogen or cyano, 

R^'' is -NR^R^, C1-C4 alkyl, morpholin-4-yl , or piperidin-l-yl; or a 
pharmaceutically acceptable salt thereof, provided that when n is 0, W-X-Y is not 
-CH(R^>N(R^)-C(0)-. 

2 0 The present invention further provides a method of inhibiting GSK-3 in a mammal 

comprising administering to a mammal in need of such treatment an effective amount of a 
compound of Formula L 

The present invention also provides a method of treating diabetes in a mammal 
comprising administering to a mammal in need of such treatment an effective amount of a 
2 5 compound of Formula L 

The present invration also provides a method of treating Alzheimer's disease in a 
mammal comprising administering to a mammal in need of such tieatm^t an effective 
amoimt of a compound of Fbrmula L 

The present invention further provides a method of stimulating bone deposition in 
30 a m a mmal conoiprising administmng to a mammal in need of such treatment an effective 
amount of a GSK-3 inhibitor. 



wo 03/076442 



PCT/US03/05050 



-5- 

The present invention also provides a method of stimulatmg bone deposition in a 
mammal comprising administering to a mammal in need of such treatment an effective 
amount of a compound of Formula L 

The present invention also provides a pharmaceutical formulation comprising a 
conqpound of Formula I, in combination with a pharmaceutically acceptable carrier, 
diluent or excipient 

This invCTtion also provides the use of a con^und of Fomula I for the 
manufacture of a medicament for the inhibition of GSK-3. Additionally, this invention 
provides a pharmaceutical formulation adapted for the treatment of diabetes containing a 
compound of Formula I. Furthermore, this invention provides the use of a compound of 
Formula I for the manufacture of a medicament for fee treatmmt of diabetes. This 
invention also provides the use of a compound of Formula I for the manufecture of a 
medicament for the treatiiient of Alzheimer's disease. The present invention also 
provides a formulation adapted for stimulating bone deposition in mflTnTnals containing a 
compound of Formula. The present invention further provides flie use of a compound of 
Formula I for the manufacture of a medicament for stimulating bone deposition. 

The general chemical terms used in the fomiulae above have their usual meanings. 
For example, the term "Ci-Ce alkyl" includes methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tCTt-butyl, neopentyl, and hexyl moieties. Hie term "C1-C4 alkoxy" is 
taken to mean a C1-C4 alkyl group linked to the parent molecule through an oxygen atom, 
and includes the groups methoxy, ethoxy, isopropoxy, and the like. Likewise, the term 
"C1-C4 alkylthio" is taken to mean a CrC4 alkyl group linked to the parent molecule 
through a sulfur atom, and includes methylthio, ethylthio, isobutylthio, and the like: Hie 
term "halo" includes fluoro, chloro, faromo, and iodo. 

The term "(CrC4 alkylene)-R^' is taken to mean a linear or branched alkylene 
chain substituted at any carbon atom with the variable and includes, for example, 
linear or branched alkyl chains, benzyl, and a-methylbenzyl moieties. 

likewise, ttie term "(C1-C4 alkylene)-R^^' is taken to mean a linear or branched 
alkylene chain substituted at any carbon atom with the variable R^^ and includes, for 
example, linear or branched alkyl chains, benzyl, and o&-methylbenz^ mtoieties. 

The term "amino acid residue" is taken to mean an amino acid moiety selected 
from the group consisting of alanyl, argmyl, asparaginyl, aspartyl, cystdnyl, glutaminyl. 



# 
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glutam>d, glycyl, histidyl, isoleucyl, leucyl. lysyl, methionyl, phenylalanyl, phraylglycyl, 
prolyl, seiyl, threonyl, tryptophanyl, tyrosyl, and valyl bonded through an acid caibonyi. 

The term "GSK-3" is taken to mean GSK-3a and/or GSK-Sp. 

The term "diabetes" is taken to mean Type I and/or Type n diabetes. 

Hie skilled artisan will appiedate that certain compomids of Formula I contain at 
least one chiral center. Hie present invention contemplates all individual enantiomers or 
diastereomers, as well as mixtures of the enantiomers and diastereomers of said 
compounds including racemates. It is preferred that compounds of Formula I containing 
at least one chiral center exist as single enantiomers or diastereomers. The single 
enantiomers or diastereomers may be prepared beginning with chiral reagents or by 
stereoselective or stereospecific synthetic techniques. Alternatively, the single 
oiantiom^ or diastereomers may be isolated from mixtures by standard chiial 
chromatographic or crystallization techniques. 

It will be understood by the skiUed reader that most or all of the compounds of the 
present invention are capable of forming salts. In all cases, the pharmaceutically 
accq)table salts of all of the compounds are included in the names of theixL The 
compounds of the present invention are amines, and accordingly react with any of a 
number of inorganic and organic acids to form pharmaceutically acceptable acid addition 
salts. Preferred pharmaceutically acceptable salts are those formed with hydrochloric acid 
or methanesulfonic acid. 

While all of the compounds of Formula I are useful inhibitors of GSK-3, certain 
classes of compounds are preferred. The following paragraphs describe such preferred 
classes: 



aa) W-X-Y is -CHr-CHz-CHjs 

ab) W-X-Y is -CH(R^>N(R2)-C3I(RV; 

ac) W-X-Y is -CH(R3>0-CH2-; 

ad) Ris-(CH2)„S 

ae) Ris-C(CH3)2- 

af) misO, l,or2; 

ag) m is 0; 

ah) nis 0» 1,2, or 3; 

ai) nis 1; 



# 
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aj) n is 3; 

ak)R^ is H; 

al) is halo; 

am) is chloro; 

an) R^ is fluoio; 

ao)R2isH; 

ap)R^is-C02R^; 

aq)R''is Ci-C6alkyl; 

ar)R^ is ethyl; 

as) R^ is isopropyi; 

at) R^ is isobutyl; 

au) R*^ is tert-butvl: 

av) R^ is 2-me1hoxyeth-l-yl; 

aw) R^ is (C1-C2 alkylene)inQrpholin-4-yl; 

ax) R^ is (inorpholin-4-yl)methyI; 

ay) R'' is (C1-C2 alkylene)pyrrolidin-2-on-l-yl; 

az) R^ is (pyrroIidin-2-on-l-yl)methyl; 

ba) R^ is (C1-C4 alkylene)-R^ 

bb) R^ is hydrogen; 
be) R^ is methyl; 

bd) R^ is isopropyi; 

be) R^ is cyano; 

bf) R^ is cyanomethyl; 

bg) R^ is phenyl optionally substituted with halo; 

bh) R^ is benzyl; 

bi) R^ is 4-fluorobenz)i; 
bj) R^ is pytidinyl; 

bk) R^ is pyridin-3-yl; 

bl) R^ is (pyridin-3-yl)niethyl; 

bm) R^ is C3<:6 cycloalkyl; 

bn) R^ is cyclopropyl; 

bo) R^ is (cyclopiopyl)methyl; 



# 
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bp)R^is CrC4alkoxy; 

bq) is methoxy; 

br) is 2-(iiiethoxy)eth-l-yl; 

bs) R^ is morpholin-4-yl; 

bt) R^ is 2^(morpholin-4-yl)eth-l-yl; 

bu) R^ is l-(cyclohexyl)imidazol-5-yl; 

bv) R^ is (l-(cyclohexyl)iimdazol-5-yl)methyl; 

bw)R2is-C(0)R^ 

bx) R^ is Ci-Cio alkyl optionally substituted with up to three halo substituents; 
by) R^ is methyl; 
bz)R^ is ethyl; 

ca) R^ is piopyl; 

cb) R^ is isopiopyl; 

cc) R^ is 3-inethylbut-l-yl; 

cd) R^ is difluoromethyl; 

ce) R^ is 3,3,3-trifluaroprop-l-yl; 

cf) R^ is heptyl; 

eg) R^ is morpholin-4-yl optionally substituted with up to two C1-C4 alkyl 



ch) R is morpholin-4-yl; 

ci) R^ is cis-2,6-diniethylmorpholin-4-yl; 
cj) R^ is piperidin-l-yl; 

ck) R^ is piperidin-4-on-l-yl; 
cl) R^ is tetrahydropyran^yl; 
cm) R^ is 4-phenylpiperazin-l-yl; 
cn) R^ is [l,4]oxazepin-4-yl; 
CO) R^ is C3-C6 cycloallcjrl; 
cp) R^ is cyclopropyl; 

cq) R*^ is pyridinyl optionally substituted with C1-C4 allqrl or trifluoromefliyl; 

cr) R^ is pyridin-3-yl; 

cs) R^ is 2-tdfIuoromethylpyridin-4-yl; 

ct) R^ is 2-methylpyridin-5-yl; 



substituents; 
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cu) is (C,-Q alkylene)-R^°; 

cv) R^^ is C3-C6 cycloalkyl; 

cw) R'^ is cyclopentyl; 

cx) R*^ is (cyclopentyl)methyl; 

cy) R*® is thiomorpholin-4-yl; 

cz) R^ is (thioinorpholin-4-yl)methyl; 

da) RMs-C(0)(NR^^; 

db) R^ and R^ are both hydiog^; 

dc) one of R* and R^ is hydros and the other is methyl; 

dd) R^ and R^ are both methyl; 

de) R® and R^ ate both ediyl; 

df) R* and R^ are both propyl; 

dg) R^ and r' are both isopropyl; 

dh) R^ and R^ are both butyl; 

di) R^ and R^ are both isobutyl; 
dj) r2 is C3-C6 cycloalkyl; 

dk) R^ is cyclopentyl; 

dl) R^ is pyrmiidin-2-yl; 

dm) R^ is pyridin-2-yl; 

dn) R^ is tetrahydropyran-4-yl; 

do) R^is --C(S)-(morpholin-4-yl); 

dp) R^ is H and R^' is C1-C4 alkyl; 

dq) R^ is C1-C4 alkyl and R^' is H; 

dr) R^ and R^' are both H; 

ds) R^ is methyl; 

dt) R^* is methyl; 

du) Ar is benzofiir-4-yl; 

dv) At is benzofur-7-yl; 

dw) At is 2,3-dihydrobenzofur^yl; 

dx) Ar is l-(R")indol-4-yl; 

dy) At is l-(R")benzimidazol-4-yl; 
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dz) At is iniidazo[l,2-a]pyridin-3-yl optionally substituted with one or two 
substituents independently selected from the group consisting of halo, CrC4 alkyl, and 
C1-C4 alkoxy; 

ea) Ar is imidazo[l,2-a]pyridin-3-yl; 

eb) Ar is iniidazo[l,2-a]pyridin-3-yl substituted with halo; 

ec) At is imidazo[i;2-a]pyridin-3-yl substituted with fluoro; 

ed) Ar is 8-fluoroinudazo[l,2-a]pyridin-3-yl; 

ee) Ar is iniidazo[l,2<-a]pyridin-3-yl substituted with chloro; 

ef) Ar is 7-chloroimidazo[l,2-a]pyndin-3-yl; 

eg) Ar is 8-chlorQimidazo[l,2-a]pyridin-3-yl; 

eh) Ar is imidazo[l,2-a]pyridin-3-yl substituted with bromo; 

ei) At is 6-bn>nioiimdazo[l,2-a]pyiidin-3-yl; 

ej) Ar is iniidazo[l,2-a]pyddin-3-yl substituted with C1-C4 alkyl; 

ek) Ar is imidazo[l,2-a]pyridin*3-yl substituted with methyl; 

el) At is 2-methylimidazo[l,2-a]pyiidin-3-yl; 

em) At is 6-methylimidazo[i;2-a]pyiidin-3-yl; 

en) At is 7-methylimidazo[l,2-a]pyridin-3-yl; 

eo) Ar is 8-methylimidazo[l,2-^I]pyridin-3-yl; 

ep) At is 6,8-dimethylimidazo[l,2-a]pyridin-3-yl; 

eq) Ar is imida2o[l^-a]pyridin-3-yl substituted with C1-C4 alkoxy; 

er) Ar is imidazo[l,2-a]pyridin-3-yl substituted with methoxy; 

es) Ar is 7-methoxyimidazo[l^-<2]pyridin-3-yl; 

et) Ar is 8-methoxyimidazo[l^-a]pyridin-3-yl; 

eu) Ar is imidazo[l^-a]pyridin-7-yl; 

ev) At is furo[3,2-c]pyridin-3-yl; 

ew) Ar is iimdazo[l;2^2y]pyridazin-3-yl; 

ex) Ar is 6-methylimidazo[l,2-&]pyridazin-3-yl; 

ey) Ar is pyrazolo[l,5-a]pyridin-3-yl; 

ez) Ar is 4,5,6,7-tetrahydropyiazolo[l,5-a]pyridin-3-yl; 

fa) R" is hydrogen; 

fb) R"is-(CH2)p-<}; 

fc) p is 3; 
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fd) G is hydroxy; 

fe) R^^ishalo; 

ff) R^^ is fluoro; 

fg) R*^ is hydroxy, 

5 fh)R"isCi-C4alkoxy; 
fi) R^^ is methoxy; 
fi) R'^ is -NHC(0)(CrC4 alkyl); 
fk)R*^is-NHC(0)CH3; 
fl)R^^ is fluoro; 
10 fm) The compound is a free base; 

fh) The compound is a salt; 

fo) The coix^und is die hydrochloride salt. 
It will be understood that the above classes may be combined to form additional 
preferred classes. 

15 The compounds of Formula I are inhibitors of GSK-3. Thus, the present invention 

also provides a mediod of inhibiting GSK-3 in a mammal that comprises administering to 
a mammal in need of said treatment a GSK-3 inhibiting amount of a compound of 
Formula L The present compounds are believed to be useful in treating Type I and/or 
Type n diabetes. Furthermore, the compounds of the present invention are beheved to be 

2 0 useful in the treatment of neurological disord^s such as dementias, especially dementia of 
the Alzheimer's type. The compounds of the present invention are also believed to be 
useful for the treatment of bipolar disorder. 

A further embodiment of the present invention is the use of inhibitors of GSK-3 for 
rapid bone deposition. This ability to stimulate rapid bone deposition provides a new 

2 5 means to treat a variety of disease states and conditions where it would be beneficial to 

grow new bone. These disease states include osteoporosis and fraility as weU as bone loss 
due to periodontal disease. Compounds exhibiting this activity will also be usefid in 
promoting wound healing and bone fracture repair. It is also contemplated that GSK-3 
inhibitor mediated bone deposition will improve patient outcomes in joint replacement 

3 0 surgeries by enhancing the attachment of a joint prosthesis to the patient's bone. The use 

of the compounds of the present invention for the induction of rq)id bone deposition is 
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pieferred. It is also preferred that the Tnammfll to be treated by the administration of the 
conqpounds of Formula I is human. 

The compounds of the present invention can be prepared by a variety of 
procedures, some of which are illustrated in the Schemes below. It will be recognized by 
5 one of skill in the art that the individual steps in the following schemes may be varied to 
provide the compounds of Fonnula L Hie particular order of steps required to pixxiuce 
the compounds of Formula I is dependent upon the particular compound being 
synthesized, the starting compound, and the relative lability of the substituted moieties. 
Some substituents have been eliminated in the following schemes for the sake of clarity 

1 0 and are not intended to limit the teaching of the schemes in any way. 

The compounds of Formula I are prepared fiom an ^propriately substituted 
oxoacetic acid ester and an appropriately substituted acetamide as illustrated in Scheme I 
essentially as described by Faul, et al., J, Org^ Chem. 63, 6053-6058 (1998), wh^ tiie 
ting designated "A" corresponds to the annulated rings of Fbrmula I. 

15 Scheme I 




(Hi) (IV) 
The oxoacetic acid esters of formula (i) or (iv) are reacted with an acetamide of 
formula (ii) or (iii), respectively, in a suitable solvent, such as tetrahydrofuran, in the 
presence of a suitable base, preferably potassium tert-butoxide. The condensation 
2 0 reaction is conducted at a temperature bom about 0°C to about room temperature, and the 
reactants are stirred for 1-24 hours. The reaction mixture is treated with a suitable acid. 
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such as hydrochloric acid, after which the mixture is stirred at about ambient temperature 
for 1-24 hours. The resulting maleimide may be isolated by standaid techniques, and 
purified by crystallization or chromatography as necessary or desired. 

The requisite oxoacetic add esters of formulae (iv) are prepared from 
5 appropriately substituted Ar groups by methods well known to the skilled artisan as 
iDustrated in Scheme n, where X is bromo or iodo. 
Scheme n 




An appropriately substituted Ar is reacted with an oxalyl halide, such as oxalyl 
1 0 chloride, in the presence of an organic base, such as 2,6-lutidine or triethylamine, in an 
appropriate solvent, such as dichloromethone or diethyl ether, to give the corresponding 
Ar-oxalyl halide. The reaction is performed at from O^C to reflux for from 1-24 houra. 
The mixture is cooled to about -78°C and an alkoxide source, such as sodium methoxide, 
is added in an appropriate solvent, such as methanol. The resulting oxoacetic acid ester 
1 5 may be isolated by standard techniques and purified by crystallization or chromatography 
as necessary or desired. Alternatively, a compound of Formula Ar-X is subjected to a 
lithiun^-halogen exchange, following which the lithium anion is quenched by an 
approprate dialkyl oxalate to provide the desired oxoacetic acid ester. Alternatively, the 
subject oxoacetic add esters may be prepared by first reacting a compound of Fdrmula 
2 0 Ar-X with magnesium and dien quenching the resulting Grignard reagent with a dialkyl 
oxalate under standard conditions. 

The requisite acetamides of formula (ii) may be prepared from the corresponding 
oxoacetic add ester of formula (iv) as iUustrated in Scheme HI. 
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Scheme III 



The oxoacetic acid ester (iv) is t^acted with ammonia or ammonium hydroxide in 
a suitable solvent, such as tetrahydrofuran or diethyl edier. The reaction is conducted at 
5 about O^C for 1-12 hours, after which the reaction mixture is allowed to warm to about 
ambient temperature. The resulting ketoamide may be isolated by standard techniques 
and purified by crystallization or chromatography as necessary or desired. This ketoamide 
is then reduced by reaction with a metal catalyst, such as palladium, and sodium 
hypophosphite in a suitable solvent, such as tetrahydrofuran, dioxane, or 

1 0 dimethylformamide. The reaction is conducted under nitrogen at about reflux conditions 
for 1-12 hours. The resulting acetamide is isolated by standard techniques and may be 
purified by crystallization or chromatography as necessary or desired. 

Alternatively, the requisite acetamides may be prepared from an appropriate Ar-X 
by standard functional group transformations well known to the skilled artisan as 

1 5 illustrated in Scheme IV feee, Larock, Comprehensive Qrp anic TransformatinnR 2°^ Ed., 
John Wiley & Sons. New York, pg. 1988-1989 (1999)). 
Scheme IV 





Ar-X 




The compounds of formula Ar-X m^ be converted to die corresponding aldehyde 
20 by reaction with an appropriate alkyllithium under standard conditions, and the quenching 
with N,N'*dimethylformamide. This aldehyde is then converted to the corresponding 
acetonitrile via a phosphorylated cyanohydrin formed in situ by reaction with 
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dSethylcyano-phosphonate and lithium cyanide in a suitable solvent, such as 
tetrahydrofuran. For sinular samples of this conversion see, Yoneda, et al.. Tetrahedron 
Lett,, 30, 3681-3684 (1989); Yoneda, et^.. L Org. Chem.. 56. 1827-1832 (1991). Base 
hydrolysis of the acetonitrile provides the desired acetamides (ii). Alternatively, Ar-X 
5 may be reacted with 2-ethoxy-2-oxoethylzinc bromide with a palladium catalyst in a 
suitable solvent, such as tetrahydrofuran, to provide the corresponding arylacetic acid 
ester. This ester may be reacted with ammonia directly in a sealed tube with a suitable 
solvent at elevated temperature to provide the requisite acetamide. Alternatively, the 
arylacetic add ester is subjected to base hydrolysis to provide the corresponding aiyl 

1 0 acetic acid, and this acid subjected to standard peptide coupling conditions in the presence 
of a source of ammonia, such as ammonium hydroxide or anunonia gas. Suitable 
coupling reagents include NJ>r-carbonyldiimidazole (CD^, NJ^*- 
dicyclohexylcaibodiimide (DCC), lK3-<Jimethylaniino-propyl)-3-ethylcarbodiimide 
hydrochloride (EDC), and l-(3-(l-pyirolidinyl)propyl)-3-^thylcaibodiimide (PEPC). 

1 5 Suitable optional catalysts for the coupling reaction include N,N-[dimethyl]-4- 

aminopyridine (DMAP). All of the reagents are combined in a suitable solvent, typically 
dichloromethane, chloroform, tetrahydrofuran, dioxane, or diethyl ether, and are stirred 
for from 1 to 72 hours at a temperature of from ambient to about the reflux temperature of 
the solvent. The desired product may be isolated by standard extractive and 

2 0 crystallization techniques, and purified by chromatography or crystallization as necessary 
or desired. 

Ilie annulated-indole oxoacetic acid esters (i) and annulated-indole acetamides 
(iii) may be similarly prepared from the corresponding annulaled-indoles of foraiula (v): 



V 

2 5 where the ring designated **A" corresponds to the annulated ring in Formula L 

The requisite aryl intermediates for the formation of formula (ii) or (iv) are either 
commercially available or may be prepared by methods well known to the skilled artisan. 
The requisite benzofurans, for example, may be prepared as described in Scheme V. 
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Scheme V 




Appropriately substituted phenols are O-alkylated with biomoacetaldehyde 
dimethyl or diethyl acetal and a suitable base, such as potassium carbonate. Cyclization is 
5 accomplished in a suitable solvent, such as chlorobenzene at refluxing temperatures. 

Tlie requisite indoles are either commercially available or may be prepared by 
methods ivell known in the art Indole syntheses are described in Robinson, The Fischer 
Indole Synthesis, Wiley, New Yoik (1983); Hamel, et al. Journal of Organic Chemistry, 
59, 6372 (1994); and Russell, et aL, Organic Preparations and Procedures International, 
10 17,391(1985). 

The requisite annulated-indoles are prepared by a variety of methods depending 
upon the specific structure of the ring system. Synthetic methodologies leading to the 
various annulated-indoles are illustrated in the following schemes and discussed in the 
following paragraphs. The preparations and examples further illustrate these basic routes 
15 as well as modifications to these routes to prepare certain requisite substituted variants. 
Substituents have been removed from the structures in the following schemes for the sake 
of clarity, and are not intended to limit the scope of the invention in any way. 

5,6-dihvdro>4H-pvrrolor3.2,l-iilQuinolines 




20 
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An appropriately substituted 1,2,3,4-tetrahydroquiiioline is reacted with ethyl 
bromopyruvate in an appropriate solvent, such as dimethylformamide or tetrahydrofiiran. 
The reaction mixture is stirred for 1-30 hours. ITie product from this reaction is isolated 
by standard techniques and is then reacted with an appropriate magnesium halide, 
5 typically magnesium chloride, and an appropriate alcohol such as methoxyethanol in an 
appropriate cosolvent, such as tBtrahydrofuran or dimethylformamide. Hie skilled artisan 
will appiedate that the addition must be perfonned slowly and carefully, after which the 
resulting reaction mixture is stirced for 1-12 hours at about reflux. The resulting 
catboxylic add ester is isolated by standard techniques. This ester is then hydiolyzed and 
1 0 decarboxylated under standard conditions to provide compounds of formula (vi). 

6.7-dilivdro-6H-ri.41diazepinor6.7,l-hilindoles 




(vH) 



An appropriately substituted indole-7-carboxaldehyde in an appropriate solvent, 
15 such as 1,2-dichloroethane, is reacted with an appropriately substituted amino acid methyl 
ester and acetic acid. This reaction is conducted under nitrogen at about ambient 
temperature in the presence of a mild reducing agent, such as sodium cyanoborohydride or 
sodium triacetoxyborohydride. The reaction mixture is stirred for about 24 hours, and the 
resulting amino ester is isolated by standard techniques. The ester moiety is reduced to 
20 the corresponding alcohol by treatment with a suitable reducing agent, typically lithium 
aluminum hydride, in an appropriate solvent, typically tetrahydrofiiran or diethyl ether. 
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The secondary amine moiety is now reacted with an appropriate reagent to introduce a 
suitable amino protecting group 'Tg", such as a formyl group, acetyl group, or preferably 
a tert-butoxycarbonyl moiety. Techniques for the introduction of these groups are well 
known to the stalled artisan. A solution of this compound in an appropriate solvent, such 
5 as dichloromethane or diethyl ether, is reacted with an appropriate reagent to activate the 
hydroxy moiety, providing a leaving group CLg"). The skilled artisan will appreciate that 
appropriate leaving groups include halides, oxonium ions, aUcyl p^hloiates, anmionio- 
alkanesulf onate esters, alkyl fluorosulfonates, nonaflates, tresylates, tdflates, and sulfonic 
esters, preferably the mesylate or tosylabe. Techniques for the introduction of these groups 

10 are well known to the skilled artisan. (See for example: March, '^Advanced Orgatiic 

Chemistry," John Wiley and Sons, New York, N.Y., 1992, pg. 352-362). The activated 
compound is then dissolved in an appropriate solvent, such as tetrahydrofuran, diethyl 
ether or NJ^T-dimethylformamide and is reacted with a strong base, such as potassium 
hydride or sodium hydride. The reaction is conducted under nitro^n at about 0°C and 

1 5 stirred for 30-120 minutes. The compound of formula (vii) is isolated and purified by 
standard techniques. The skilled artisan will appreciate that tbe nitrogen-protecting 
groups may be removed at any convenient point in die synthesis of the compounds of the 
present invention. Methods of removing an amino-protecting group are well known in the 
art (for example, see: T.W. Greene, **Protective Groups in Organic Synthesis," John 

2 0 Wiley and Sons, New York, N.Y., 1991, Chapter 7). 
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S,6J.8-tetiahvdro-6H-ri.41diazociTior7.8 .1-hi1indo1e5; 




An appropriately substituted indole-7-carboxaldehyde in an appropriate solvent, 
such as tetrahydrofiiran or toluene, is reacted with a suitable methylenating reagent at 
5 about ambient temperature. Suitable methylenating reagents include Tebbe reagent (jj^ 
chloro-|x-methylene[bis(cyclopentadienyl)titanium]dimethylaluminum) and appropriate 
Wittig reagents, such as methyltriphenylphosphonium bromide, in the presence as a 
suitable base, such as potassium jm-butoxide. The reaction mixture is stirred for 1-6 
hours, after which the resultant vinylindole is isolated under standard techniques. This 

10 compound is then hydroborated and oxidized under standard conditions to provide the 

corresponding hydroxyethylindole. This alcohol is then activated as previously described, 
and reacted with ethanolamine or an appropriate amino acid ester. When aminoetfaanol is 
enq^loyed, the resulting alcohol is activated and the compoimd cyclized as previously 
described. When an amino acid ester is employed, the resulting estCT is first reduced, and 

15 then activated and the compound cyclized as previously described to provide con^unds 
of formula (xiii). The skilled artisan will sqppreciate that the nitrogen-protecting groups 
may be removed at any convenient point in the synthesis of tiie compounds of the present 
invration. 



20 
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PviTolor3,2> l-kllbenzorb1azacvclooctane 






10 



An appiopiiately substituted 7-vinylmdole is alkylated with an appropriate 
bromoalkene under standard conditions and die resulting diene is reacted with 
bis(tricyclohexyl-phosphine)benzylidine tuth^um (IV) dichloride (Grubb's catalyst) at 
room temperature in a suitable solvent, such as dichloromethane. After about 24 hours 
the cyclized alkene is isolated by standard techniques. The double bond may then be 
reduced under standard hydrogenadon conditions to provide the compounds of fomiula 
(ix). 

n ,51diazapeihvdnx)ninor8,9, l-hi1indoles 




An appropriately substituted indole-7-carboxaIdehyde is reductively aminated with 
15 allylamine in the presence of a suitable acid, such as acetic acid, and an appropriate 

reducing agent, such as sodium cyanoborohydride or sodium triaoetoxyborohydride in an 
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appropropriate solvent, such as 1,2-dichloroethane. The mixture is stirred at room 
temperature for about 24 hours and the resulting amine is isolated and purified by 
standard techniques. The amine is then protected as previously described and the indole 
nitrogen alkylated with allyl bromide under standard conditions. The diene is then 
5 cyclized as previously described to provide the cyclic alkene. The double bond may then 
be reduced under standard hydrogenation conditions to provide the compounds of formula 
(x). The double bond may also be oxidized to introduce the diol functionality. 

The skilled artisan will appreciate that the general synthetic schemes discussed in 
the preceding paragraphs may be modified by methods weU known in the art to provide 
10 the remaining annulated indoles necessary to prepare the compounds of the present 
invention. 

Many of the compounds of the present invention are not only inhibitors of GSK-3, 
but are also useful intermediates for the preparation of additional compounds of the 
present invention. For example, secondary amines may be acylated, alkylated or coupled 

1 5 with carboxylic acids or anodno acids under standard peptide coupling conditions. 

Furthermore, ester moieties may be reduced to the corresponding alcohols or converted to 
amides under standard conditions. Alcohols may be activated and displaced by a number 
of nucleophiles to provide other compounds of the invention. Such leaving groups 
include but are not limited to halides, oxonimn ions, alkyl perchlorates, 

2 0 ammonioalkanesulfonate esters, alkyl fluorosulfonates, nonaflates, tresylates, triflates, and 
sulfonic esters, preferably the mesylate or tosylate. Techniques for the introduction of 
these groups are also well known to th6 skilled artisan; see, for example, March, 
Advanced Organic Chemistrv. 5* Ed., John Wiley and Sons, New York, pg. 445-449 



compounds of Formula I will tolerate certain reaction conditions employed to synthesize 
the compounds. These moieties may be introduced at a convenient point in the synthesis, 
or may be protected and then deprotected as necessary or desired. Tlie skilled artisan will 
appreciate that the protecting groups may be removed at any convenient point in the 
3 0 synthesis of the confounds of die present mvention. Methods for introducing and 
removing nitrogen and oxygen protecting groups are well known in fte art; see, for 
example, Greene and Wuts, Protective Groups in Organic Svnttiesis. 3"" Ed., John Wiley 



(2001). 



25 



The skilled artisan will also q;>preciate that not all of the substituents in the 
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and Sons, New York, Chapter 7 (1999). Furthermore, the skilled artisan will appieciate 
that in many circumstances, the order in which moieties are introduced is not critical. The 
particular order of steps required to produce the compounds of Formula I is dependent 
upon the particular compound being synthesized, the starting compoimd, and the relative 
5 lability of the substituted moieties. 

Preparation 1 
S-fluoro-l,2,3,4-tettahydroquinoline 

^-flunmqiiinnlinft 

1 0 Add sodium nitrite in portions to a suspension of 5-aminoquinoline (SO g, 347 

mmol) in 48% HBF4 (200 mL) at O^'C. Stir for 1 hour and then pour into 1:1 diethyl 
ether/ ethyl acetate (500 mL). Filter the resulting suspension and dry tiie solid. Add 
this solid (82.S g, 338 mmol) in portions to refluxing xylme (1 L), stir for 2 hours, 
and then cool. Decant the xylene and dissolve the residue in IN hydrochloric acid 

15 (600 mL). Neutralize with sodium carbonate, extract with ethyl acetate (10 x 500 
mL), dry the extracts over sodium sulfate, filter and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with 10-20% 
diethyl ether in hexanes. Combine fractions containing product and concentrate them 
under reduced pressure to provide the desired compound (28.1 g, 55%). 

20 MS OEI, m/z) Cya^FN (M+1) 148.0 

Reduction 

Shake a mixture of 5-fiuoroquinoline (28.1 g) and S% palladiimi on carbon 
(5.6 g) in methanol over night at 40^C under 60 psi hydrogen. Filter the mixture 
2 5 through Celite and concentrate under reduced pressure. Subject the residue to silica 
^1 chromatography, eluting with 5-10% ethyl acetate in hexanes. Combine fractions 
containing product and concentrate them under reduced pressure to provide the title 
compound (22.5 g, 78%). 
MS (El, m/z) QJIioEN (M+1) 152.0 



30 
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Preparation 2 
6-Fluoro-l ^3,4-'tetrahydroqumo]ine 
Beginning with 6-aminoquinoline, the title compound is prepared essentially as 
described in Preparation 1. 
5 MS (EI. m/z) CsHioFN (M+1) 152.0. 



A mixture of 5-<;hloioquinoIine (10.0 g) and platinum oxide (50 mg) in acetic acid 
10 was shaken under a hydn)gen atmosphere at room temperature for 4 hours. The 

mixture was diluted with diethyl ether and filtered thiou^ Celite. The volatiles were 
removed under reduced pressure and the residue was partitioned between saturated 
aqueous sodium bicarbonate and ethyl acetate (3 x 300 mL). The organic extracts 
were dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
1 5 residue was piuified over silica gel and the fractions containing product were 

combined and concentrated under reduced pressure to provide 7.0 g (69%) of the 
desired compound. 



3-(3,4-I>ihvdro-2H-Quinolin-l-vlV2-oxopropioiiic acid ethvl ester 

Add bromoethyl pyruvate (40 mL, 0.29 mol) to a solution of 1,2,3,4- 
tetrahydroquinoline (75.5 mL, 0.59 mol) in tetrahydrofuran (300 mL) dropwise over 30 
25 mmutes. Stir for 24 hours, filter the reaction mixture, rinse the filter cake well with 

tetrahydrofuran (100 mL), and concentrate the filtrate under reduced pressuie to provide 
the desired compound as a red oil (79.7 g). 



Preparations 
S-Chloro-l,2,3,4-tetrahydroquinoline 



Preparation 4 




5,6-Dihydro-4H-pyErolo[3,2,l-ij]quinoline 
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5.6-I>ihvdro-4H-Pv rrolor3.2J-iilQuinolin&-l-caibQxvlic acidethvl ester 

Add magnesium chloride (27.7 g, 0.29 mol) to 2-.methoxyethanol (400 mL) and 
heat the mixture to reflux. Add a solution of 3-(3,4-Dihydro-2H-quiTiolin-l-yI).2- 
oxopropion-ic acid ethyl ester (0.29 mol) in 2-methoxyethanol (100 mL) and 
tetrahydrofuran (40 mL) slowly to the MgCl2 mixture over 1 hour. Upon completion of 
addition, stir the mixture for 5 hours at reflux, and then concentrate under reduced 
pressure. Treat the concentrated crude mixture with 2N hydrochloric acid (500 mL) and 
extract with dichloromethane (3 x 400 mL). Combine the organic layers, dry over sodium 
sulfate, filter, and concentrate under reduced pressure. Subject the residue to silica gel 
chromatography, eluting with 20% ethyl acetate/hexanes. Combine ftactions containing 
product and concentrate them under reduced pressure to provide the desired compound as 
an orange solid (31.6 g, 48%). 
MS (IS, m/z) C14H15NO2 CM*^+1) = 230. 

S,6-Dihvdro^H-pvrrolor3^,l-iilQuinoliiie-l-carbQxvlicgcid 

Add 5 N aqueous sodium hydroxide (60 mL, 0.3 mol) to a solution of 5,6- 
Dihydro-4H-pyiTolo[3,2,l-ij]quinoline-l-<;aTboxylic acid ethyl ester (31 g, 0.14 mol) in 
ethanol (200 mL) and water (70 mL) and stir the resulting mixture at reflux for 3 hours. 
Cool the reaction mixture to 20-24*'C, dilute with water (2 L), and wash sequentially with 
dichloromethane (2 x 200 mL) and diethyl ether (1 x 200 mL). Filter the aqueous layer 
through Celite and treat the filtrate with concentrated hydrochloric acid (25 mL) to 
precipitate the product. Filter the solid, wash with water (200 mL), and dry under reduced 
pressure to give the desired compound as a light yellow solid (23.2 g, 85%). 
MS (IS, m/z) C12H11NO2 (M*+l) = 202. 

Decarboxylation 

Add copper chromite (1.5 g, 4.8 mmol) to a solution of 5,6-Dihydro-4H- 
pyrrolo[3,2,l-ij]quinoline-l-carboxylic acid (3.7 g, 18.4 mmol) in 20 mL of quinoline. 
Stir die resulting mixture at 185*'C for 4 hours and then cool to 20-24°C, dilute with 
dichloromethane (100 mL), and filter through Celite. Wash tiie filtrate sequentially with 2 
N hydrochloric acid (2 x 50 mL) and 2 N aqueous sodium hydroxide (25 mL). 
Concentrate the remaining organic phase under reduced pressure and then subject the 
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lesidue to silica gel chromatography, eluting with 5% EtOAc/Hexanes. Combine 
fractions containing product and concentrate them under reduced pressure to provide the 
title compoimd as a light tan solid (1.67 g, 58%). 

*H-NMR(400 MHz. DMSO-dc): 8 7.31-7.29 (d, 1 H, J = 7.8 Hz), 7.28-7.27 (d, 1 H, J = 
2.93 Hz), 6.9-6.86 (t, 1 H. J = 7.6 Hz), 6.82-6.8 (dd, 1 H, J = 6.8, 1.0 Hz), 6.33-6.32 (d, 1 
H, J = 2.93 Hz), 4.15-4.12 (t, 2 H, J = 5.6 Hz), 2.92^2.89 (t, 2 H, J = 6.1 Hz), 2.15-2.08 
(ni.2H). 



The compounds of Preparations 5 - 8 are prepared essentially as described in 
Preparation 4. 



Prep. 


Compound * 


Data (m/z) 


. 5 


7-fluoro-5,6-dihydro-4H-pyrrolo[3,2,l-j]quinoline 


MS(ED: 176.1(M+1) 


6 


8-fluoro-5,6-dihydro-4H-pyrrolo[3,2,l- 
j]quinoline 


MS(EI): 175.1(Nr) 


7 


7-chloro-5,6-dihydn>-4H-pyirolo[3,2,l- 
jlquinoline 


MS(ED: 192.1(ftD 


8 


8-chloro-5,6-dihydro-4H-pynolo[3Al- 
jjquinoline 


MSOS): 191.9(Nr) 



Preparation 9 




9-methyl.6-(tot-butoxycaibonyl>6,7-dihydro-6H-[l,4]dia2epino[6,7,l-W]in^^^ 
S-Methvl-lg-indole-7-carboxalddivde 

Dissolve 5-mefliyl-2-nitrobenzaldehyde (7.84 g, 47 J2 mmol), 1-butanol (10.55 g, 
142.6 mmol) and 4-toluenesulfonic acid monohydrate (0.5 g, 2.6 mmol) in toluene (200 
mL). Heat the reaction mixture to reflux with constant water removal (Dean-Stark Trap). 
Continue to heat the reaction mixture for 3 hours. Add water and extract the aqueous 
layer with ethyl acetate. Combine the organic layers and dry over sodium sulfate, filtCT, 
concentrate under reduced pressure, and purify by flash chromatography (1% v/v 
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triethylamine buffered silica gel, 5% ethyl acetate/hexane) to give the dibutyl acetal 
derivative as a colorless oil (14 g, 99%). 

Dissolve 2-Dibiitoxymethyl-4-methyl-l-iiitrobenzene (13.957 g, 47.373 mmol) in 
anhydrous tetrahydrofiiran (474 mL) under nitrogen, and cool the solution to ^0 °C. Add 
5 vinyhnagnesium bromide (190 mL, 190 mmol, 1 .0 M in tetrahydrofuran) at -40 ''C with 
stirring. Stir the reaction mixture for 40 minutes and add saturated aqueous ammonium 
chloride. Extract the aqueous layer with ethyl acetate. Combine the organic layers, dry 
over sodium sulfate, filter, and concentrate. Dissolve the residue in tetahydrofuran (160 
mL) and cool to 0 "'C. Add aqueous 0.5 molar hydrochloric acid (20 mL) and stir the 
1 0 mixture at 0 '^C for 1 hour. Add saturated aqueous sodium hydrogen carbonate (200 mL) 
and extract the aqueous lay^ with ethyl acetate (3 x 200 mL). Combine the organic 
layers, dry over anhydrous sodium sulfate, filter, concentrate under reducedjpiessute and 
purify by flash column chromatography (silica gel, 5% ediyl acetate/hexane) to give the 
title compound as a white solid. 



15 ^H-NMR(CDCl3): 5 10.10 (s, IH), 10.06 (s, IH), 7.72 (s, IH), 7.40 (s, IH), 7.28 (m, IH), 
6.54 (m, IH), 2.50 (s, 3H). 

N-r2-hvdroxveth-l"vn (5-Methvl-lH-indol-7"Vl^ethy1flTniiift 



2 0 absolute methanol {200 mL), add 2-aminoethanol (3.1 g, 50.767 imnol) and 10% 

palladium on carbon (0.4 g). Stir the mixture for 1 hour under nitrogen, then under 1 
atmosphere of hydrogen for 3 hours. Filter, concentrate under reduced pressure, and • 
purify by flash column chromatography (silica gel, 90/9/1, dichlorometh- 
ane/methanol/ammonia) to give the title compound as a colorless oil. 
25 MS (ES, m/z): = 203 (M-1) 

N-rtert-butoxvcaibonvll N-r2~hvdroxveth-l-vl1 (5-Methvl-l//-indol-7-vnmethvlamine 
Dissolve N-[2-hydroxyeth-l-yl] (5-Methyl-l^-indol-7-yl)methylamine (3.0 g, 
14.706 mmol) in tetrahydrofuran (120 mL) and cool the solution to 0 ""C. Add aqueous 

3 0 potassium carbonate (30 mL, 29.41 mmol, 0.98 M solution) and di-tert-butvl dicarbonate 

(3.53 g, 16.18 mmol). Stir the reaction mixture for 4 hours at 0 ®C, add water and extract 
the aqueous layer with ethyl acetate. Combine the organic layers, dry with anhydrous 



Dissolve 5-Mjethyl-lH'indole-7-carbQxaldehyde (4.036 g, 25.384 mmol) in 



• 
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sodium sulfate, filter, concentrate under reduced pressure and purify by flash column 
chromatography (silica gel, 20% ethyl acetate/hexane) to give the title compound as a 
white solid (4. 12 g, 92%). 
MS(ES, m/z): (M-l) = 303. 



N-rtert-butoxvcarbonvll N-r2-(methanesulfonvloxv)eth-l-vn (5-MethvMH-indol-7- 
vnmethvlamine 

Dissolve N-[twt-butoxycarbonyll N-[2*ydroxyelh-l-yl] (5-McthyHff-indol-7- 
yl)methylamine (1.15 g, 3.78 mmol) in tetrahydrofuran (22 mL) under nitrogen and cool 

10 to 0°C. Add triethylamine (1.91 g, 18.88 mmol) and methanesulfonic anhydride (0.72 g, 
4.1Smmol). Stir the reaction mixture for 2 hours at 0 ""C. Add water to the reaction 
mixture and extract the aqueous layer with ethyl acetate. Combine the organic layers, dry 
with anhydrous sodium sulfate, filter, and concentrate und^ reduced pressure to give the 
desired compound as colorless oil. 

15 *H-NMR(CDCl3): 6 9.93 (s, IH), 7.40 (s, IH), 7.19 (t, IH). 6.86 (s, IH), 6.45 (t. IH), 
4.67 (s, 2H). 4.13 (t, 2H), 3.53 (t, 2H), 2.72 (s, 3H), 2.44 (s, 3H, OfeAr), 1.51 (s, 9H, 
3CH3). 

Ring Closure 

2 0 Dissolve N-[tCTt-butoxycarbonyl] N-[2-(methanesulfonyloxy)eth-l-yl] (5-Methyl- 

li/-indol-7-yl)methylamine (1.22 g, 3.19 mmol) in anhydrous dimethylformamide (32 
mL) under nitrogen and cool to 0 ®C. Add sodium hydride (0.15 g, 3.83 mmol, 60% in 
oil) and stir the reaction mixture for 1 hour at 0°C. Add water and extract the aqueous 
layer with ethyl acetate. Combine the organic layers, dry with anhydrous sodium sulfate, 

2 5 filter, concentrate under reduced pressure and purify by flash column chromatography 
(silica gel, 10% ethyl acetate/hexane) to give the title compound as white solid. ^H- 
NMR(CDCl3): 5 7.31 (m. IH), 7.01 (m, IH). 6.90 and 6.80 (2 singlets, IH), 6.45 (d, IH), 
4.85 and 4.78 (2 singlets. 2H). 4.22 (m, 2H), 3.93 (m, 2H), 2.43 and 2.41 (2 singlets, 3H. 
CHsAr), 1.45 and 1.44 (2 singlets, 9H, 3CH3). 



5 
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Preparation 10 




6-(tot-butoxycarbonyl)-5-methyl-6J-dihydio-6H-[l,4]diazepmo[6 
Beginning with indole-7-caiboxaldehyde and DLralanine methyl ester 
5 hydrochloride (0.72 g, S.16 nunol), the title compound is prepared essentially as described 
in Pr^aration 9. 
MS (ES. m/z) (M + 1) = 287.0, 



Preparation 11 




6-(tert-butoxycarbonyI)-6J-dihydn>-6H-[l,4]diazepino[6J4-hi]^^^ 
Beginning with indole-7-caiboxaldehyde and eflianolamine, the titie compound is 
piepated essentially as described in Preparation 9. 
MSOCS. m/z) C16H20N2O2 (M^+1) = 273 

15 

Preparation 12 

9-fluoro-6-(teit-butoxycaibonyl>6,7-dihydro-^H-[l,4]diazepino[^ 
Beginning with 5-£luon)indole-7-caiboxaldehyde and ethanolamine, the titie 
compound is prepared essentiaUy as described in Preparation 9. 
2 0 MS: (ES, m/z) 291 (M+1). 
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Preparation 13 
8-flu(>rcH6-(tert-butoxycarbonyl)-^J-dihydn>-6H^ 

. Beginning with 6-fluoroindole-7-carboxaldehyde and ethanolamine, the title 
5 compound is prepared essentially as described in Preparation 9. 



Pteparation 14 




6Kteit-butoxycarbonyl)-5,6J,8-tetrahydro-6H-[l,4]diazocino[7,8 
10 7-vinvlindole 

Add potassium t^-bmoxide (1 M in tetrahydrofuran, 14.1 mL, 14.1 mmol) to a 
solution of methyl triphenylphosphonium bromide (5.05 g, 14.1 mmol) in tetrahydrofuran 
(80 mL) and stir the reaction mixture for 45 minutes at room temperature. Add a solution 
of 7-formylindole (1.00 g, 6.89 mmol) in tetrahydrofuran (10 mL) and stirred for 1.5 

15 hours. Dilute the reaction mixture with ethyl acetate (250 mL), wash sequentially with an 
8:1 mixture of water and 1 N hydrochloric acid (2 x 100 mL) and saturated aqueous 
sodium chloride (100 mL), dry over sodium sulfate, filter, and concentrate the filtrate 
under reduced pressure. Subject the residue silica gel chromatography. Combine 
fractions containing product and concentrate them under reduced pressure to provide the 

2 0 desired compound as a brown oil. 
MS (IS, m/z) CioHsJST (M*+l) = 144 



Hvdroboration/Oxidation 

Add 1 M borane-tetrahydrofuran complex in tetrahydro-fiiran (9.95 mL, 9.95 
2 5 mmol) to a 0 solution of 7-vinyl-indole (0.95 g, 6.6 mmol) in anhydrous 
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tetxahydrofuran (60 mL) and stir the reaction mixtuie overnight at room temperature. Add 
1 N sodium hydroxide (25 mL) and 30% hydrogen peroxide (35 mL) and stir the mixtuie 
at reflux for 1 hour. Cool the reaction mixture to room temperature, dilute with ethyl 
acetate (100 mL), wash sequentially with water (50 mL) and saturated aqueous sodium 
5 chloride (2 x 50 mL), dry over sodium sulfate, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography, eluting with 50% ethyl acetate in 
hexanes. Combine fractions containing product concentrate diem under reduced pressure 
to provide the desired compound as a yellow oil (0.60 g, 56%). 

MS (ES, m/z) CioHuNO (ivr+l)=162. 

10 Alcohol Activation 

Add a solution of methanesulfonyl chloride (0.29 mL, 3.68 nmiol) in 
dichloromethane (5 mL) dropwise over 30 minutes to a solution of 7-(2-hydroxyeth-l- 
yl)indole (0.54 g, 3.34 mmol) and triethylamine (2.3 mL^ 16.7 mmol) in dichloromethane 
(45 mL). Stir the mixture for an additional 2 hours at room temperature. Dilute the 

1 5 reaction mixture with dichloromethane (50 mL), wash sequentially with water (30 mL) 
and saturated aqueous sodium chloride (2 x 30 mL), dry over sodium sulfate, filter, and 
concentrate under reduced pressure. 

Nucleophilic Displacement 

2 0 Add ethanolamine (5 mL, 82 mmol) to a solution of 7-(2- 

(methanesulfonyloxy)eth-l-yl)indole (0.79 g, 3.3 mmol) m ethanol (50 mL) and stir the 
reaction mixture at reflux overnight. Dilute with ethyl acetate (150 mL), wash 
sequentially with water (3 x 50 mL) and saturated aqueous sodium chloride (2 x 50 mL), 
dry over sodium sulfate, filter, and concentrate under reduced pressure to provide 7-(2-(N- 

2 5 [2-hydroxyeth-l-yl]amino)eth-l-yl)indole as a ligjit-brown solid (0.57 g, 85%), 
MS as, m/z) C12H16N2O (Nr+1)=205 

"Rinp; Pnimatjon 

Beginning with 7-(2-(N-[2-hydroxyeth-l-yl]amino)eth-l-yl)indole, the title 
compound is prepared essentially as described in Preparation 9. 
30 MS dS, m/z) C17H22N2O2 (M^+l)=287 
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7-(trat-butoxycaibonyl)-(l,6]diazap«liydrooiiino[8Al-hi]indole 
5 Beginiiing with 7-(2-(N-[3-hydroxyprop-l-yl]aniino)eth-l-yl)indole. the title 

compound is prepared essentially as described in Preparation 9. 
MS(ES): ni/z = 301.2 (M*+l) 




10 

6-(taS-butoxycaib0nyi)-[l,7]dia2^)eihydroonino[8Al-hi]indole 
Beginning with 7-<3-(N-[2-hydiDxyeth-l-ji]aiiiino)piop-l-yl)indole, the title 
compound is prepared essentially as described in Preparation 9. 



15 



wo 03/076442 



PCT/US03/05050 



-32- 
Pteparation 17 




4,5.6,7-Tetrahydroazepino[3,2,14ii]mdole 
3-4-Dihvdro-2H-naphthalen«1-^ne oxime 

5 Add hydroxylamine hydrochloride (71.0 g, 1.03 mol) to a solution of OCrtetralone 

(100.0 g, 0.68 mol) in 300 mL of methanol and stir the resulting solution at leflux for 2 
hours. Cool the mixture to 20-24°C and concentrate under reduced pressure. Dilute the 
residue with 1 L of water and extract with dichloromethane. Wash the organic layer with 
saturated aqueous sodium chloride, dry over sodium sulfate, filter, and concentrate under 
10 reduced pressure. Crystallize the residue from isopropanol to provide the desired 
compound as an off-white solid (70.0 g, 63%). 
MS (FIA, m/z) CioHuNO (M^+1) = 162.4. 

1 ,3 .4.5-Tetrahvdrobenzo rbl azepin-2-one 

1 5 Charge a IL 3-neck round bottom flask equipped with a mechanical stirrer with 

neat polyphosphoric acid (100 g) and heat the add heated to 125 **C while stkring under 
nitrogen. Add 3,4-Dihydro-2H-naphthalen-l-one oxime (15.0 g, 93 mmol) carefully to 
control exothenn, keeping tiie temperature below 175 °C. After 10 minutes of heating, 
cool ttie mixture 20-24^C and quenched with ice and water. Hlter the aqueous suspension 

2 0 and wash the filter cake with water until the filtrate is neutral. Dry the filter cake under 
vacuum to provide the desired compound as an off-white solid (12.8 g, 85%). 
MS OSS, m/z) CioHuNO (M^+l) = 161.9 

23,4.5-Tetrahvdro-lH-bcnzorb1azepine 
2 5 Add 80 mL of lithium aluminum hydride (1 M solution in tetrahydrofuran) to a 

solution of 13>4,5-tetrahydiobenzo-[b]azepin-2-one (12.9 g» 80.0 nunol) in 720 mL of 
tetrahydro-fiiran. Stir the reaction mixture at reflux for 3 hours and cool to 0 °C. Clench 
the reaction by the sequential addition of 3 mL of water, 3 mL of 15% sodium hydroxide. 
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and 9 mL of water. Filter the resulting suspension through Celite and rinse the JSlter cake 
with ethyl acetate. Concentrate the filtrate under reduced pressure to provide the desired 
compound as an orange solid (10.0 g, 85%). 
MS (FIA, m/z) C10H13N (lvr+1) = 148.2. 

5 

2-OxO"3-(2.3,4.5-tetrahvdrobenzorblazepin-l-vDpropiomc acid ethvl ester 

Add 2,3,4,5-tetrahydio-lH-ben2o[b]azepine in small portions to a 0 °C suspension 
of 60% sodium hydride (3.0 g, 0.12 mol) in 300 mL of dimethylformamide. Upon 
complete addition of the amine, remove the ice bath and stir the reaction at 20-24°C for 

10 40 minutes. Add ethyl bromopyruvate (22.6 mL, 0. 16 mol) and stir the resulting mixture 
at 20-24®C for 6 hours. Add an additional S mL of ethyl bromopy-ruvate and stir the 
mixture for 1 hour. Quench by adding 50 mL of wat» then dilute with 1 .5 L of 
dichloromethane. Separate the layers, wash the orgamc layer sequentially with water (2 x 
500 mL) and saturated aqueous sodium chloride (500 naL), dry over sodium sulfate, filter, 

1 5 and concentrate under reduced pressure at 60 ''C. Dissolve the residue in ethyl acetate 
(500 mL), wash sequentially with water (3 x 100 mL) and saturated aqueous sodium 
chloride, dry over sodium sulfate, filter, and concentrate under reduced pressure. Subject 
the residue to silica gel chromatography, eluting with 5-10% EtOAc/hexanes to provide 
the desired compound as an off white solid C7.0 g, 40%). 

20 MS (FID, m/z) C15H19NO3 (Nf) = 261.13. 

4.5.6.7-TetrahydroazeDinor3J2.1-hilindole-l-carboxvlic add ethvl ester 

Add magnesium chloride (2.55 g, 26,8 mmol) to 30 mL of 2-methoxyethanol and 
heat the mixture to reflux. Add a solution of 2-oxo-3-(23,4,5-tetrahydro-benzo[b]azepin- 

25 l-yl)propiomc add ethyl ester (7.0 g, 26.8 mmol) in 2-methoxyethanol (20 mL) over 1 
hour. Stir the resulting mixture for 6 hours at reflux, cool to 20-24°C, and concentrate 
under reduced pressure. Dilute the residue with 400 mL of dichloromethane and wash 
sequentially with 2 N hydrochloric acid (100 mL), saturated aqueous sodium bicarbonate 
(100 mL) and saturated aqueous sodium chloride (100 mL), dry over sodium sulfate, 

3 0 filter, and concentrate under reduced pressure. Subject the residue to silica gel 

chromatography, eluting with 20% ethyl acetate in hexane. Combine fractions containing 
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product and concentrate them under reduced pressure to provide the desired compound as 

a yellow oil (3.1 g, 48%). 

MS (FIA, na/z) Ci5Hi7N02 0^+1) = 244.4. 

5 4,S,6.7-Tetrahvdroazepinor3>2. l-hi1indole-l-carboxvlic acid 

Add powdered sodium hydroxide (0.71 g, 17.8 mmol) to a solution of 4^,6,7- 
tetrahydroazepino[3,2,l-hi]indolB-l-caiboxylic acid ethyl ester (2.0 g, 8.22 mmol) in 
eUianol (13 mL) and water (9 mL) and stir the resulting mixtme at reflux for 4 hours. 
Cool the reaction mixture to room temperature, dilute with water (100 mL) and wash with 
1 0 dichloromethane (2 x 50 mL). Separate the layers, jfilter the aqueous layer through C^elite 
and acidify the filtrate with concentrated hydrochloric add. Filter ttie suspension, wash 
the recovered solid with water, and dry under reduced pressure to provide the desired 
compound as a white solid (1.59 g, 90%). 
MS (FIA, m/z) C13H13NO2 (ht-hl) = 216.3 



Decarboxylation 

Add copper chromite (0.55 g, 1.77 mmol) to a solution of 4,5,6,7- 
tetrahydroazepino[3,2,l-hi]indole-l-carboxylic acid (1.4 g, 6.5 mmol) in 7.5 mL of 
quinoline and stir the resulting mixture at 1 85°C for 4 hours. Cool the reaction mixture to 

2 0 room temperature, dilute with dichloromethane and filter through Celite. Wash the 

filtrate sequentially with 2 N hydrochloric acid (2 x 25 mL) and 2 N sodium hydroxide 
(25 mL). Concentrate the organic layer under reduced pressure and subject the residue to 
silica gel chromatography, eluting with 5% EtOAc/Hexane to provide the title compound 
as an orange solid (0.85 g, 76%). 

25 MS (EI, m/z) C12H13N (M^ = 171.4 
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Preparation 18 




Pynolo[3Al-kl]beiizo[b]azacyclooctane 



T-Vinvl-lH-indole 

Add tributyl(vinyl)tin (9.8 mL, 33.7 mmol), triphenyl-phosphine (0.4 g, 1.53 
nunol), diphenylpaDadiumODO dichloride (1.07 g, 1.53 mmol) and lithium chloride (4,0 g, 
94.4 nmnol) to 7-biomo-lH-indole (6.0 g, 30.6 mmol) in 150 mL of dlmethylfonnamide 
and heat the resulting mixture at 100°C overnight Cool the reaction mixture to 2a-24**C 
and poured into a mixture of 150 mL of water and 150 niL of ethyl acetate. Wash the 
aqueous layer with additional ethyl acetate (3 x 100 mL), combine the organic layers, 
wash with saturated aqueous sodium chloride, dry over magnesium sulfate, filter, and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 5-10% ethyl acetate in hexanes. Combine IBractions containing product and 
concentrate them under reduced pressure to provide the desired compound as a clear oil 
(3.5 g, 80%). 

MS (FIA, m/z) C10H9N (M*+l) = 144.2 

l-rPent-4-cn-l-vlV7-vinvl-lH-indole 

Add sodium hydride (60% dispersion in mineral oil) (3.5 g, 87.3 mmol) to a 0 °C 
solution of 7-vinylindole (5.0 g, 34.9 mmol) in 140 mL of dimethylformamide. Warm the 
resulting mixture to 20-24°C and stir an additional 30 minutes. Add 5-bromo-l-pentene 
(20 mL, 175 mmol) dropwise and stir for 3 hours. Pour the reaction mixture into a 
mixture of 150 mL of water and 150 mL of ethyl acetate. Wash the aqueous layer with 
ethyl acetate (3 x 100 mL). Combine the oiganic layers, wash with saturated aqueous 
sodium chloride, dry over sodium sulfate, filter, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography, elutmg with 5-10% ethyl acetate in 
hexanes. Combine fractions containing product and concentrate them under reduced 
pressure to provide the desired compound as a clear oil (5.39 g, 73%). 
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MS (ES, m/z) CisHivN (M*+l) = 212 
Ring Closure 

Add 1.4 g of bis(tricyclohexylphosphine)benzylidine ruthenium (IV) dichloride 
5 (Gnibb's catalyst) to a solution of l-(Pent-4-en-l-yl)-7-vinyl-lH-indole (4.4 g, 20.8 

mmol) in anhydrous dichloromethane (3.0 L) and stir the resulting mixture at 20-24°C for 
24 hours. Add an additional 1.0 g of Qmbb's catalyst and stir for 4 hours. Concentrate 
the reaction mixture under reduced pressure and subject the residue to silica gel 
chromatography, eluting with 2-5% ethyl acetate in hexanes. Combine Actions 

1 0 containing product and concentrate them under reduced pressure to provide 8»9- 
dehydropyrrolo[3,2,l-kl]benzo[b]azacyclooctane as a brown oil (3.0 g, 79%). 
^H-NMR(400 MHz, DMSO-dtf): 8 7.41-7.39 (dd, 1 H. J = 7.81, 0.98 Hz), 7.22-7.21 (d, 1 
H. J = 3.42 Hz), 6.94-6.9 (d. 1 H. J = 7.57 Hz), 6.81-6.8 (d, 1 H, J = 2.93 Hz). 6.79 (s, 1 
H). 6.36-6.35 (d, 1 H, J = 2.93 Hz), 5.69-5.62 (m, 1 H), 4.45-4.3 (bs, 2 H), 2.19-2.14 (m. 

15 2 IQ, 1.75-1.55 (bs, 2 H). 



Hydrogenate a solution of 8,9-Dehydropym)lo[3,2,l-kl]benzo[b]azacyclooctane 
(0.66 g, 3.6 mmol) in ethanol (130 mL) in the presence of platinum oxide (100 m^ under 
2 0 balloon pressure for three hours. Filter the mixture through Celite, wash solid with 

dichloromethane, and concentrate the filtrate under reduced pressure to provide of the title 
compound as a light yellow oil (0.65 g, 97%). 
MS (ES, m/z) CisHisN (M^+1) = 186 



Reduction 



25 
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PrBparodon 19 




8-(t^-butoxycarbonyl)-[l,5]diazapeihydroomno[8.94-W]indo 
N-Allvl N-rriH-indQl-7-vnniftthY naminR 

5 Add allylamine (2.S0 mL, 33.1 mmol), acetic add (3.4 mL), and sodium 

triacetoxyboiohydride (S.8S g, 27.6 mmol) to a solution of indole-7-caiboxaldehyde (4.00 

g, 27.6 mmol) in 1,2-dichlotoethane (120 mL) at 20-24''C and stir the lesiildng mixtuie at 

20-24^C for S hours. Add an additional 1.5 g (7.1 mmol) of sodium 

tiiacetoxyborohydride and stir the resulting mixture ovmiight Dilute the mixture with 

10 dichloromediane (300 mL), wash carefully with aqueous sodium bicarbonate (100 mL), 
and separate the layers. Wash the organic layer sequentially with water (100 mL) and 
saturated aqueous sodium chloride (100 mL), dry over sodium sulfate, filter, and 
concentrate under reduced pressure. Subject the residue to silica gel chromatogFaphy, 
eluting with 10-30% ethyl acetate in hexanes. Combine fractions containing product and 

1 5 concentrate them under reduced pressure to provide the desired compound as a light 
yellow oil (4.21 g, 82%). 

N-rtert-butoxvcarbonvll N-allvl N-Ff lH-indol-7-vl>methvllamine 

Add a 0°C solution of di-tert-butyl dicarbonate (4.93 g, 22.6 mmol) in anhydrous 

2 0 tetrahydrofuran (20 mL) to a O'^C solution of N-aUyl N-[(lH-indol-7-yl)methyl]amine 
(4.21 g, 22.6 mmol) in anhydrous tetrahydrofuran (100 mL) and stir the mixture for two 
hours as it warms to 20-24^C. Dilute the reaction mixture ethyl acetate (500 mL). 
Separate the phases and wash the organic layer sequentiaUy with water (2 x 150 mL) and 
saturated aqueous sodium chloride (100 mL), dry over sodium sulfate, filter, and 

2 5 concentrate under reduced pressure to provide the desired compound as a light yellow oil 
(6.5 g. 100%). 

MS (ES. m/z) C17H22N2O2 OVr+l) = 287.2 
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N-rtert-butoxvcarboDvll N -aUvl N-Ff l-a]lvl^lH-indoU7 -vnmethvnaTninft 

Slowly add sodium hydride (60% dispersion in mineral oil, 1 .75 g, 43.7 mmol) to 
a 0 solution of N-[tet.butoxycatbonyl] N-allyl N-[(lH-indol.7-yl)methyl]aniine (6.6 
g, 23 mmol) in anhydrous dimethyifonnamide. Warm the mixture to 20-24^C, stir for 30 
minutes, add allyl bromide (4.0 mL, 46 mmol), and stir the mixture at 20-24°C overnight. 
Dilute the reaction mixture with eth>4 acetate (450 mL). wash sequentially with water (2 x 
100 mL) and saturated aqueous sodium chloride (150 mL), diy over sodium sulfate, filter, 
and concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 10% ethyl acetate in hexanes. Combine fractions containing product and 
concentrate them under reduced pressure to provide the desired compound as a light 
brown oil (6.8 g, 91%). 
MS (ES, m/z) C20H26N2O2 Q/t+Na) = 349.2 

Ring Closure 

Beginning with N-[t^-butoxycari)onyl] N-aUyl N-[(l.allyl-lH-indol-7- 
yl)methyl]amme, the ring closure was performed essentially as described in Preparation 
17. 

MS (ES. m/z) C18H22N2O2 (M++Na) = 321.2 
Reduction 

Beginning with the alkene prepared in the previous paragraph, the double bond 
was reduced to provide the title compound essentially as described in Preparation 18. 
MS (ES. m/z) Ci8H25N202 (M^ = 301,2 

Preparation 20 
7-Bromofiiro[3,2-c]pyridine 
7-Bromo-5H-fiMror3,2-cTpvridm-4^e 

Add N-bromosucdnimide (63.16 g, 354.9 mmol) as a solution in anhydrous 
acetonitrile (480 mL) to a suspension of 5H-furo[3,2-c]pyridin-4-one (36.9 g, 273 mmol) 
in anhydrous acetonitrile (740 mL) at O^C over 1 hour. Warm to room temperature, add 
anhydrous mettiyl alcohol (1.5 L) and stir at room temperature for 18 hours. Quench wifli 




wo 03/076442 



PCT/US03/05050 



-39- 



water (20 ml) and saturated sodium bicaibonate (20 mL), concentrate to a volume of 1.3 
liters, and pour into water (1.3 L). Collection of the precipitate by filtration and diying 
(vacuum oven 2 days 40-60 °C) gives the title compound as an off-white solid. 
ESMS: (m/z) = 213.9. 215.9 (M^+1). 

4J~DibromofuiDr3.2-c1pvridine 

Combine 7-hrDmo-5H-furo[3,2-c]pyridin-4-one (16.16 g, 75.5 mmol), 
dichloioetfaane (160 mL), and phosphorus oxybromide (100 g, 348.8 mmol) and heat at 
reflux for about 2 hours. Cool to room temperature and pour die reaction mbtture into ice 
water (1 L). Adjust the pH to 8 with 5N NaOH, extract into dichloromethane, wash with 
brine, dry over magnesium sulfate, filtw, and concentrate. Purification by flash 
chromatography, eluting with hexanerethyl acetate gives the title compound as a white 



HRMS: 274.8581 (M*). 
Reduction 

Combine 4,7-dibromofuro[3,2-c]pyridine (14.5 g, 52.3 mmol), anhydrous 
dimcthylformamide (250 mL), sodium formate (10.67 g, 156.9 mmol), and 
tetra3ds(triphenyl-phosphine)palladium(0) (3.021 g, 2.61 mmol) under nitrogen. Heat 
for 3 to 24 hours at 100 °C, cool to room temperature, filter through CELTTE® and 
concentrate (hi^ vacuum 0.7 mmHg, 40 ""Q. Dilute with ethyl acetate (500 mL), 
wash with water and brine, dry over magnesium sulfate, filter and concentrate. 
Purification by flash chromatography, eluting with hexane: ediyl acetate gives the title 
compound as a white solid 
MS: (m/z) = 197.9, 199.9 (M^+1). 



Add 2-bromo-l,l-diethoxyetfaane (3.64 g, 18.48 mmol) to a solution of 6- 
bromopyridin-2-ylaminc (l.Og, 5.77 mmol) in n-butanol (40 ml). Reflux the reaction 
overnight, cool. Filtration of the reaction mixture gives S-bromoimidazo[l,2-a]pyddine 
hydrobronodde as a white solid. 



solid. 



Preparation 21 
5-Bromoimidazo[l ,2-a]pyridine 
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ESMS: (m/z) = 198.9 (NT+l). 

Add saturated sodium bicarbonate (300 ml) to a suspension of 5- 
bromoimidazo[l,2-a]pyridine hydrobromide (13.0g, 46.96 mmol) in ethyl acetate. 
Separate the organic layer and wash it with saturated sodium bicarbonate, dry over 
magnesium sulfate, and concentrated under reduced pressure to give the title compound as 
a white solid. 

Preparation 22 
5-Bromoisoquinoline 
Add a solution of sodium nitrite (9.6g, 139 mmol) in water (50 mL) cautiously to 
5-aminoisoquinoline (20 g, 139 mmol) in hydrobiomic acid (48%, 100 mL) at O^C. 
Transfer this mixture to a vessel containing CuBr (25g, 174 mmol) in hydiobromic acid 
(48%, 200 mL) at 75 *^C. After complete addition, stir the mixture at 75 for one hour, 
cool to room temperature and stir overnight. Place the mixture in an ice bath, add ice to 
the reaction mixture, and then add sodium hydroxide aqueous solution (20%, 250 mL). 
Filter the slurry and extract the filtrate with diethyl ether. Combine the solid and the 
extract sonicate for one hour in chloroform. Filter the suspension through a plug of 
Celite™, and concentrate the filtrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with chloroform. 
MS(ES): m/z = 208.0 (Nr(^^r)+1). 210.0 (]Vr'(^^Br)+l) 

Preparation 23 

(5,6-Dihydro-4H-pyrrolo[3,2.1-ij]quinolin-l-yl)oxoacetic arid methyl ester 
Add oxalyl chloride (1.05 mL, 12.08 mmol) dropwise to a solution of 5,6-dihydro- 
4H-pyrrolo[3,2,l-ijJquinoline (1.67g, 10.6 nmiol) in 150 ihL of anhydrous diethyl ether at 
O^'C and stir flie resulting solution at O^^C for 40 minutes. Cool the mixture to -78°C and 
slowly add sodium methoxide (42 mL, 21 mmol, 0.5 M in methanol). Upon completion 
of die addition, remove the dry ice bath and aUow the reaction to warm to 20-24''C over 2 
hours. Dilute the mixture with ethyl acetate (200 mL), wash with water (100 mL) and 
separate the layers. Wash the organic layer with saturated aqueous sodium chloride (50 
mL), dry over sodium sulfate, filter, and concentrate under reduced pressure. Dissolve the 
residue in ethyl acetate (100 mL), filter through a 2 inch plug of coarse silica gel, and 
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concentrate und^ reduced pressure to give the title compound as a yellow solid (2.16 g, 
84%). 

MS (EI, m/z) C14H13NO3 (M*-59) = 184, 



The compounds of Preparations 24 - 35 are prepared essentially as described in 
5 Preparation 22. 



Prep.# 


Compoimd 


1 Data 


24 


(4,5,6,7-tetrahydroazepino[3,2,l- 
hi]indoH-yl)oxoacetic acid methyl 
ester 


MS (HA, m/z) CijHisNOs CM*+1) = 
258.2 


25 


(6-(t^-butoxycarbonyl)-5,6-dihy- 
dro-6/f-[l,4]diazepino[6,7,l-hi]in- 
dol-l-yl)oxoacetic add meth:^ ester 


MS (B, m/z) C16HEJ0N2O2 (M^+1) = 273 


26 


(Pyrrolo[3,2,l-kl]benzo[b]a2a- 
cyclooct-l-yl)oxoacetic acid methyl 
ester 


'H-NMR(400 MHz, DMSO-de): 6 
8.38(s, 1 H), 8.05-8.03(4 1 H, J = 7.81 
Hz), 7.18-7.15(1, 1 H, J = 7.57 Hz), 
7.03-7.01(d, 1 H, J = 6.84 Hz), 4.65- 
4.62(t. 2 H, J = 6.1 Hz), 3.86(s, 3 H), 
3.3-3.15(bs, 2 H). 1.94-1.91(t, 2 H, J = 
6.1 Hz), 1.82-1.79(t, 2 H, J = 5.86 Hz). 
1.3-1.15 (bs.2H) 


27 


(8-(tert-butoxycarbonyl)-[ 1 ,5]di aza- 
perhydn)omno[8,9,l-hi]indol-l- 
yDoxoacetic acid methyl ester 


MS as. m/z) C2i«86N205 (M*+l) = 
387. 


28 


(6-(tCTt-butoxycarbonyl)-5,6,7,8- 
tetrahydro-6H-[l,4]diazocino[7,8,l- 
hi]indoM-yl)oxoacetic acid methyl 
ester 


MS OS. m/z) C20H24N2O5 (Kr+1)=373 




v^y-cnioro- J ,o-ainyciro-4ll- 
pyn:olo[3,2,l-ij]quinolin-l- 
yl)oxoacetic acid methyl ester 


MS (IS m/z) C14H12CINO3 (M+1) 
278 


30 


(8-chloro-5,6-dihydro-4H-pyirolo- 
[3,2,l-ij]-quinolin-l-yl)oxoacetic 
acid methyl ester 


MS dS, m/z) Ci4H,2ClN03 (M+1) 
277.8 


31 


(7-Fluoro-5,6-dihydio-4H- 
pyrrolo[3,2,l-ij]-quinolin-l- 
yl)oxoacetic add methyl ester 


MS (m, m/z) C14HUFNO3 CM+l) 
262.1 


32 


(8-Huoro-5,6-dihydro-4H- 
pynx)lo[3,2,l-ij]-quinolin-l- 
jj^oxoacetic add methyl estCT 


MS (EI, m/z) Ci4HiiFN03 (M+l) 262.1 


33 


(6-(tert-butoxycaibonyl)-5-methyl- 
6,7-dihydro-6H-[l,4]diazepino- 
[6,7,l-hi]indol-l-yl)oxoacetic acid 
methyl ester 


MS (ES. BQ/z) (M + 1) = 373.0 


34 


(9-methyl-6-(tot-butoxycarbonyl)- 
3,4-dihydro-6H-[l,41diazepino- 


ESMS:m/z = 373(M+l) 
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[6,7,l-/ii]indoH-yl)oxoacetic acid 
methyl ester 




35 


(9-fluorD-6-<tot-biitoxycarbonyl> 
3,4-dihydro-6H-[ 1 ,4]di azepino- 
Lu, /ji-zMjuiaoi-i-yijoxoacetic acid 
methyl ester 


'H-NMR(CDa3): 5 8.36(s, IH), 8.02(d, 
IH). 6.92 and 6.84(2 d, IH), 4,89 and 
4.80(2 s, 2H), 4.43(m, 2H). 3.98(m, 
2H), 3.94fs, 3H), 1.46 and 1.42r2 s. 9m 


36 


R-6-(^-butoxycarboiiyl)-5- 

methyI-6,7-dihydro-6H- 

[1 ,4]diazepino-[6,7, 1 -hi]iiidol-l- 

yI)oxoacetic acid methyl ester 


Ms (ES, m/z) (M + 1) = 373.0 


37 


(8-fluoro6-(tert-butoxycarbonyl)- 
3,4-dihydro-6H-[l,4]diazepino- 
[6,7,l-A0indol-l-yl)oxoacetic add 
methyl ester 


ESMS:m/2 = 377(M+l) 



Preparation 38 
Cfaiidazo[l;2-a]pyridin-5-yl)oxoacetic acid ethyl ester 
Add Mg turnings (0.25 g, 9.95 mmol) to a solution of 5.Bromoimidazo[1.2- 
5 a]pyridine (1.5 g. 7.65 mmol) in tetrahydrofinan (20 ml). Heat the reaction to 60°C and 
add bromoethane (1.2 ml. 11.1 mmol). Reflux for another 0.5 hours, cool and cannula 
diopwise into a solution of diethyl oxalate (5 ml) in tetiahydiofuran (5ml) at -15°C. Stir 
at -IS'C for 0.5 hours and at room temperature for 0.5 hours. Quench the reaction by 
adding pH 7 buffer, extract into ethyl acetate, wash with saturated sodium chloride, dry 
0 over magnesium sulfate, and concentrate under reduced pressure. Purification by flash 
chromatography, eluting with ethyl acetate: hexane: methanol gradient gives the title 
compound as a li^t brown oil. 
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The compounds of Preparations 39 - 47 are piepared essentially as described in 



Preparation 38. 



Prep. 


Compound 


Data 


39 


Mediyl (beDzofur-7-^)oxoacetate 


MS(ES): m/z = 218.9 (M.+1) 


40 


Ethyl (4-nietboxybenzofur-7-yi)oxoacetaite 


MS(ES): m/z = 248.9 (M+1) 


41 


Ethyl (S-inetiboxybenzofur-7-yI)oxoacetate 


MSCES): m/z = 249.0 (M+1) 


42 

43 

44 
45 

46 
47 


Methyl (6-inethc»cybeiizofur-7-yl)oxoacetate 

Ethyl (imidazo[l,2-a]pyridiii-3-yl)oxoacetate 

Ethyl (5-fluorDbenzofur-7-yl)oxoacetate 
Methyl (5-oxo-6-propyl-5,6-dihydro- 
[l,4]diazepino[6,7,l-hi]mdol-7-)1)oxoacetate 

Ethyl 4-methyl-6-(tat-butoxycaibony])-5,6- 
dihydio[l,4]diaze{mio[6,7,l-hi]m(lol-3-34)- 
oxoacetate 

Ethyl 4,4-diniethyl-6-(2,4-dimethoxybenzyl)- 

5,6-dihydro[l,4]diazepino[6,7,l-hi]m(]ol-3- 

yl)oxoacetate 


'H-NMR(400 MHz, aDQa): 5 
1.41 (t, J = 7.31 Hz, 3H), 4.40 
(m, 2H), 6.74(d, J = 1.95 Hz, 
IH), 6.94(d, J = 8.78 Hz, IH), 
7.68(d, J = 2.44 Hz, IH), 7.78(d, 
J = 8.23 Hz, IH) 
'H-NMR(400 MHz, DMSO-de): 
5 8.3(m. IH), 7.53(m, IH), 7.46 
(8, IH), 6.9(m. IH), 6.42(m, IH), 
4.1(q. J = 7Hz, 2H), 1.15(t, J = 
7Hz,3H). 

ESMS: m/z = 237.0 (M+1) 
*H-NMR(400 MHz, DMSO-dc): 
8 8.58(s, 1 H), 8.05(m, IH), 7.24- 
7.2(m, 2H), 5.35(m, 2H), 4.8(m, 

3.8(s, 3H). 3.4 (m, 2H), 
1.45(m,2H),0.7(m.3H). 
ESMS: m/z = 237.0 (M+1) 

ESMS: m/z = 437.3 (M+1) 



Preparation 48 

5 (Laiida2X)[l,2--a]pyridin-3-yl)oxoacetic add methyl ester 

Add o:iLalyl chloride (2.13g, 1.46 ml, 16.8 mmol) to a solution of imidazo[l,2- 
a]pyridine (1.0 g, 8.47 mmol) in toluene (75 ml). Heat the mixture at reflux for 15 hours. 
Cool the reaction and g&aHy add methanol. Concentrate the resulting mixture und^ 
reduced pressure and partition between hot ethyl acetate and saturated aqueous sodium 
10 bicarbonate. Wash organic phase with saturated aqueous sodium chloride, dry over 

magnesium sulfate, and concentrate under reduced pressure. Triturate in ethyl acetate to 
give the title compound as an off-white solid (0.75 gm). 
ESMS: m/2 = 204.9 (M^+1) 
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The compounds of Ptepaiations 49-54 may be prepared essentially as described in 

Preparation 48. 



Prep. 


Compound 




49 


Mediyl (8-bromo-6-methyliinidazo[i;2-a]- 


lAS(ESy m/z = 2Q7 0 




pyridin-3-yl)oxoacetate 


50 


Methyl (5,6-dihydropyn:olo[3,2,l- 






ij]qiiinolin-6-on-l-yl)oxoacetate 




51 


Methyl (6-inetfayl-4,5-dihydro-6H- 




[l,4]diaze-pino[6,7,l-hi]indol-7-oii-l- 






yl)oxoacetate 






Methyl (7-methyl-4,5-dihycIro-7H- 




52 


[l,4]diaze-piBo[6,7,l-hi]indol-6-on-l- 






yl)oxoacetate 




53 


Methyl (6-((2-(diinethylanrino)eth-l-yl)-4,5- 






dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-7- 






on-l-yl)oxoacetate 




54 


Methyl (6-((2-(hydroxy)eth-l-ylH.5. 






dihydro-6H-[l,4]diazepmo[6,7,l-hi]indol-7- 




|on-l-yl)oxoacetate 





Preparation 55 

5 (l-[3-(tMt-ButyldimethylsilyIoxy)prop-l-yl]-lH-indoM-yl)oxoacetic acid methyl ester 
Add tot-butyl lithium (88.1 ml, 149.8 mmol, 1.7 M in hexane) to a solution of 4- 
Biomo-l.[3-(tot-butyldimefliylsilyloxy)propyl].lH-indole (22,0g, 59.92 mmol) in 
anhydrous tetrahydrofuran (100 ml) at -78°C. Stir the reaction at -78°C for 20 min. 
Transfer the mixture into a solution of dimethyl oxalate (24.8g, 209.72 mmol) in 

1 0 tetrahydrofuran (400ml) at -40**C via a dry-ice cooled cannula. Upon complete addition, 
stir the reaction at -78°C for 15 minutes and slowly warm to room temperature. Quench 
the reaction with saturated aqueous ammonium chloride and extract into ethyl acetate. 
Combine the oiganic layra, dry over magnesium sulfate, and concentrate under reduced 
pressure. Purification by flash chromatography, eluting with ethyl acetate: hexane 

15 gradient (100% hexane to 15 % ethyl acetate: hexane over 90 minutes) gives the title 
compound, as a light brown oil. 
ESMS: m/z = 376.2 (M*+l) 
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The compounds of Preparations 56 - 58 may be piepared essentially as described 
in Preparation 55, 



Prep. 


Product 


Data 


56 


Methyl (l-methyHH-indol^yl)oxoacetate 


HRMS: 218.0826(M+H) 


57 


Methyl (benzofur-7-yl)oxoacetate 


HRMS: 205.0501 (M+H) 


58 


Methyl (isoquinolin-5-yl)oxoacetate 


MS(ES): m/z = 216.1 (M*+l) 



Preparation 59 

l-[3-(tet-butyldimeftylsilyloxy)piop-l.yl]-lH-indole-4-cai^ 
Add tot-butyl Uthium (27.07 ml, 46.03 mmol. 1.7 M in pentane) to a solution of 
4-Bromo.l-[3-(tet-butyldimethyl-silyloxy)piop-l-yl].lH-into^^ (6.76 g, 18.41 mmol) in 
anhydrous tetrahydrofuran (100 ml) at -78*'C. Stir flie reaction at -78*C for 30 min, 
quench with NJ^-dimethylfonnamide (4.7 ml, 64.45 mmol), warm to 0**C, quench with 
pH = 7 buffer, and extract into ethyl acetate. Combine the organic layers, dry over 
magnesium sulfate, and concentrate under reduced pressure. Purification by flash 
chromatography, eluting with ethyl acetate: hexane gradient (100% hexane to 50 % ethyl 
acetate: hexane over 45 minutes) gives the title compound as a clear oil. 
ESMS: (m/z) = 318.2 (M*+l) 



The compounds of Preparations 60 - 63 may be prepared essentially as described 
in Preparation 59. 



Prep. 


Compound 


Data 


60 


l-Methyl-lH-indole-4-caiboxaldehyde 


HRMS: 160.0760 (M+H) 


61 


S-Fluoiobenzofuian-7-carboxaldehyde 


'H NMR(400 MHz, DMSO-dg): 
510.25 (s, IH), 8.25 (d, J = 2 Hz, IH), 
7.87 (dd, J = 8, 3 Hz), 7.65 (J = 8, 3 
Hz).7.Ud,J = 2,lH) 


62 


5,6-Difluorobenzofuran-7- 
carboxaldehyde 


HRMS: 182.0179 0^0 


63 


6-Fluoiobenzofuran-7-carboxaIdehyde 


MS(ES): 165.0 (MO 



Preparation 64 
Ben2o[&]thiophene-7-catboxaldehyde 
Dissolve 7-bromothiophene (5.0 g, 23.5 mmol) in anhydrous tetrahydrofuran (15 
mL) under nitrogen and add magnesium metal turnings (712 mg, 29.3 mmol). Stir and 
warn the reaction to 50**C to initiate the Grignaid reagent formation. After the 
exothermic reaction subsides, reflux for 30 minutes. Dilute the solution with 
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tetrahydrofuran (15 ml) and cool to 25*^0. Add the Grignard reagent dropwise via cannula 
to a stiired solution of NJi-dimethylfoimamide (10.2g, 139 mmol) in telrahydrofiiran (25 
mL) at -78°C under nitrogen. Stir the reaction at 0°C for 1 hour and quench with aqueous 
saturated ammonium chloride. Dilute with diethyl ether, wash with distilled water, and 
aqueous saturated sodium chloride. Dry the organic phase over anhydrous magnesium 
sulfate, filter, and concentrate under reduced pressure. Chromatograph on flash silica 
using a gradient firom neat hexane to 50% ethyl acetate in hexane to obtain the title 
compound as an off-white solid 
HRMS: 162.0138 



The compounds of Preparations 65 - 71 may be prepared essentially as described 
in Preparation 64. 



Prep. 


Compound 


Data 


65 


4-Nfethoxybenzofuraii-7-carboxaldehyde 


'HNMR(400MHz,DMSO-d6): 5 
10.1 (s. IH), 8.06 (s, IH), 7.85 (d, J 
= 9 Hz, IH), 7.04(in, 2H. 4.0 (s, 7Hi 


66 


4-Fluoiobenzofuian-7-cait>oxaIdehyde 


'H NMR (400 MHz, DMSO-de): 5 
10.21 (s, IH), 8.21 (d, J = 2 Hz, IH), 
7.89 (dd, J = 8, 8 Hz, IH), 7.28 (dd, J 
= 8,8 Hz. IH), 7.2 (d, J = 2 Hz. IH) 


67 


4,5-Difluorobenzofuran-7-carboxaldehyde 


HRMS: 182.0179 (M*) 


68 


Benzo[b]thiophene-7-carboxaldehyde 


HRMS: 162.0138 (MT) 


69 


Baizo[b]thiophene-4-caiboxaldehyde 


HRMS: 162.0125 CMT) 


70 


5-(tetrahydropyran-2-yloxy)benzofuraii-7- 
carboxaldehyde 


ESMS: (m/z) = 246.9 (M+1) 


71 


4-(tetrahydiopyran-2-yloxy)benzofuran-7- 
caiboxaldehyde 


ESMS: (m/z)= 163.0 CM+1) 



Preparation 72 
Ben2o[&]thiophene-7-acetonitrile 
Add Benzo[6]thiophene-7H:arboxaldehyde (2.34 g, 14.4 mmol) and lithium 
cyanide tetrahydrofuran complex (liCN * 1.5 Tetrahydrofuran, 204 mg, 1.44 mmol) to 
tetrahydrofuran (40 mL) under nitrogen. Add dropwise neat diethyl cyanophosphonate 
(2.8 mL, 18.4 mmol) to the stirring reaction mixture. Stir at room temp under nitrogen for 
60 hours. Add 2-methyl-2-propanol (1.4 mL, 14.6 mmol). Add the reaction mixture via 
cannula to a stirred 0.1 molar solution of samarium(II) iodide in tetrahydrofuran (360 mL, 
36.0 nmiol) at 25°C under nitrogpn. the resulting reaction mixture is not deep blue add 
additional samarium(I]) iodide solution until deep blue color persists. Stir the reaction at 
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25*^0 for 1 hour. Concentrate under reduced pressure, dilute with ethyl acetate, diethyl 
ether (1:1), wash with aqueous 0.1 M hydrochloric acid, and aqueous saturated sodium 
chloride. Dry the organic phase over anhydrous magnesium sulfate, filter, and 
concentrate under reduced pressure. Chromatograph on flash silica using a gradient from 
5 neat hexane to 25% ethyl acetate in hexane to obtain the title compound as an oflF-white 
solid. 

HRMS: 173.0289 (KT) 



The compounds of Preparations 73 - 85 may be prepared essentially as described 
in Preparation 72. 



Plrep. 


Compound 


Data 


73 


{ l-fS-ftert-butyldimethylsilyloxy)- 
prop-l-yl]-lH-mdol-4-yl}acetomtnle 


•H-NMR(400 MHz, DMSO-de): 5 7.43 (d, 
J = 8 Hz. IH), 7.38(m, IH), 7.14(m, IH), 
7.0(d, J = 8 Hz, IH). 6.54(111. IH), 4.23(t, J 
= 7, 2H), 4.18(8, 3H). 3.5(t, J= 7 Hz, 2H), 
1.9 m, 2H), 0.85(8, 9H), 0.0(s, 6H) 


74 


(l-Methyl-lH-indol-4-yl)acetonitrile 


HRMS: 171.0939 (M+H) 


75 


(lH-Ihdol-7-yl)acetonitrile 


HRMS: 156.0687 (M*) 


76 


(4-Methoxybenzofur-7-yl)acetonitrile 


'H-NMR(400 MKz, DMSO-de): 5 7.99 (d, 
J = 2 Hz, IHj, 7.23 (d, J = 8 Hz, IH), 6.98 
(d,J = 2Hz, lH)6.8(d, J = 8Hz, IH), 
4.16 (8, 2H). 3.88 (s. 3H) 


77 


(5-Methoxybenzofur-7-yl)acetonitrile 


*H-NMR(400 MHz, DMSO^k): 8 8.02 (d, 
J = 2.2 m, IH), 7.17(d, J = 2.2 Hz, IH), 
6.9(m, 2H), 4.24 (s. 3H) 


78 


(4-Fluorobenzofur-7-yl)acetonitrile 


^H NMR(400 MHz, DMSO-de): 8 8.15 (d, 
J = 2.2 Hz, IH), 7.33 (no, IH), 7.17-7.1 
(m,2H),4.26(s,2H) 


79 


(4,5-Difluorobenzofur-7-yl)acetonitrile 


'H NMR(400 MHz. DMSO-de): 8 8.2 (d, J 
<1 Hz, IH), 7.42 (m, IH), 7.22 (d, J < 1 
Hz, lH),4.28(s,2H) 


80 


1 ;5-Fluorobenzofur-7-yl)acetonitrile 


"H ^JMR(400 MHz, DMSO-dc): 8 8.15 (d, 
J = 2 Hz, IH), 7.47 (dd. J = 8, 2 Hz, IH), 
7.18 (dd, J = 8, 2 Hz, IH). 7.01 (d. J = 2 
Hz, IH), 4.3 (s. 2H) 


81 


(5,6-Difluorobenzofiir-7-yl)acetonitriIe 


ESMS (M--1): 192.3 


82 


;6-Huoiobenzofur-7-yl)acetoiiitriIe 


'H-NMR(400 MHz, CDQa): S 7.62 (d, J = 
2.44 Hz, IH), 7.47 (m, IH), 7.00 (m, 11^. 
6.72 (d, J = 2.44 He, IH). 3.91 (s, 2H) 


83 


(BeiizoIT>]thien-7-yl)acetonitrile 


EJRMS (M): 173.0289 


84 


(Ben2ofur-7-yl)acetonitrile 


HRMS (M): 157.0524 


85 


(Benzo[b]thien-4-yl)acetonitrile 


HRMS (NQ: 173.0288 
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Pieparation 86 
(Fun)[3^c]pyddin-7-yl)acetoiiitriIe 
Fiiror3,2-c1pvridine-7-caifaonitrile 
5 Combine 7-bromofuio[3,2-c]pyndine (4.673 g, 23.5 nunolX copper cyanide (4.21 

g, 47.1 nnnol), copper iodide (8.96 g, 47.1 mmol), and anhydrous dimediylfoimamide 
(100 mL) and at 130 ^'C for 30 hours. Cool to room temperature, dilute with diefliyl ether 
and wash with 15% aqueous ammonium hydroxide. Extract combined aqueous layers 
with diethyl ether, wash combined organic layers with 15% aqueous anmionium 
10 hydroxide, and brine» dry over magnesium sulfate, and concentrate. Purification using 
flash chromatography, eluting with hexane: ethyl acetate gives the tide compound as a 
white solid. 

ESMS: (m/z) = 145.1 (M*+l) 

15 Furors ,2-c1pvridine-7-carfaoxvlic acid 

Add furo[3,2-c]pyridine-7-carbonitrile (1.5 g, 10.4 mmol)and 28-30% aqueous 
ammonium hydroxide (50 mL) to high pressure reactor. Heating at 150 ®C for 18 hours, 
cooling to room temperature and fteeze-^hying gives the title compound as a white solid. 
ESMS: (m/z) = 164.0 (NT+l). 

20 

fFuror3.2-clpvridin-7'-vl)methanol 

Add Borane (1.0 M in tetrahydrofuran, 0.61 mL, 0.61 mmol) to a solution of 
furo[3,2-c]pyridine-7-carboxylic acid (O.lOOg, 0.61 nunol) in tetrahydrofuran (2 mL)and 
stir for 1 hour. Add additional borane (0.61 mL) stir for 30 minutes, add additonal borane 
2 5 (0.61 ml), quench with IN HCl (10 mL)and stir for 15 minutes. Add aqueous ammonium 
hydroxide (28-30%, 3 mL), extract with diethyl ether, dry over magnesium sulfate, filter 
and concentrate to give die title compound as a white solid. 
ESMS: (m/z) = 150,1 (M*+l) 



30 



Conversion of alcohol to nitrilc 

Combine (furo[3,2^]pyridin-7-yl)methanol (0.40 g, 2.68 mmol), IN HQ (1.0 M 
in diethyl ether, 3 mL). Cool to 0 ^C and add thionyl chloride (5 ml). Heat at reflux for 2 
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hours, cool to room temperature and concentrate to the white solid 7- 
(chloromethyl)furo[3,2-c]pyridine hydrochloride. Dissolve in ethanol (4.4 mL) and water 
(1.7 mL) and introduce drop wise a refluxing solution of sodium cyanide (0.656 g, 13.4 
mmol) in ethanol (5.4 mL) and watCT (1ml) over 40 minutes. Heat for 40 minutes at 
reflux, cool to room temperature, dilute with water, and extract with ethyl acetate. 
Combine organic layers, wash with brine, dry over magnesium sulfate, filter and 
concentrate. Purification by flash chromatography, eluting with hexane:ethyl acetate 
gives the title compound. 
ESMS: (m/z) = 159.0 (M*+l) 

Preparation 87 

(2,3-Dihydrobeii2io[l,4]dioxin-5-yl)acetonitriIe 
(2,3-DihvdrobenzorL41diox in-5-vl>methaiiol 

Dissolve 2.3-Dihydroxyben2aldehyde (25 g, 181 mmol) and 1,2-dibromoethane 
(34 g, 181 nunol) in NJ^-dimethylformamide (500 mL). Add cesium carbonate (1 18 g, 
362 mmol), stir and reflux under nitrogen for 2 hours. Cool the reaction to 20°C, dilute 
with absolute ethanol (250 mL) and add sodium borohydride (6.8 g, 181 mmol). Stir at 
20°C for 1 hour and concentrate under high vacuum to remove the ethanol and 
dimethylformamide. Dilute the residue with diethyl ether and wash with distilled water, 
0.25 molar aqueous sodium hydroxide, and aqueous saturated sodium chloride. Dry the 
organic phase over anhydrous magnesium sulfate, filter and concentrate under reduced 
pressure. Chromatograph on flash silica using a gradient from 75% hexane, 25% ethyl 
acetate to 25% hexane, 75% ethyl acetate to obtain the tiUe compound as a white solid, 
HRMS: 166.0621 (M) 

Halogenatiop/DisDlacement 

Beginning with (2,3-dihydroben2;o[l,4]dioxin-5-yl)methanol (1.8 g, 10.8 mmol), 
the title compound is prepared essentially as described in Preparation 75. 
HRMS: 175.0624 (M*) 
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Preparation 88 
(5-hydroxybenzofiir-7-yl)acetomtrile 



7-bjx)mo-5-(tetrahydropvran-2-vloxvlbenzx)furan 

Combine 7-bromo-5-hydroxybenzofuran (5.0 g, 0.0235 mol) with pyridinium 
fiara-toluenesulfonate (0.59 g, 0.1 equivalent) and dissolve in 60 mL dichloromethane 
under nitrogen. Add via syringe 3,4-dihydro-2H-pyran (3.2 mL, 1.5 equivalents) and stir 
at 20** C ovemigbt Dilute with dichloromethane then extract with IN sodium hydroxide 
and wash witii brine. Diy over sodium sulfate, filtered, and then concentrate to afford the 
title compound as a brown oil. 

NMR(400 MHz, CDCl^): 5 1.70(m, 6H), 3.57(m, IH), 3.86(m, IH), 5.31(t, J = 3.17 
Hz, IH), 6.69(d, J = 2.20 Hz, IH), 7.19(m, 2H), 7.58(d. J = 2.20 Hz, IH). 

rS-(tetrahvdropvran-2-vloxv^benzoftir-7-^1acetonitrile 

Combine 5-(tetrahydropyran-2-yloxy)baizofuran-7-carboxaldehyde (3.75 g, 0.015 
mol) with lithium cyanide-tetrahydrofiiran (1:1.5 complex, 0.215 g. 0.1 equivalent) m 
tetrahydrofuran (80 mL) under nitrogen. Add diethyl cyanophosphonate (3.0 mL, 1.3 
equivalents) and stir at 20** C for 2 days. Add tert-butanol (1.6 mL, 1.1 equivalents) then 
Sml2 in tetrahydrofuran (0.1 M solution, approximately 400 mL). Concentrate the 
solution in vacuo then redissolve in a solution of ethyl acetate:diethyl ether 
(approximately 3:1, 100 mL). Add saturated aqueous ammonium chloride and stir for 20 
min, until the release of hydrogen cyanide is complete. Filter to remove insoluble 
material, then extract against 1 N hydrochloric acid. Dry over sodium sulfate, then filter 
and concentrate. Purification by a plug column (4:1 hexanes:ethyl acetate) to provide the 
tide compound as a light yellow oil. 

^HNMR(4O0 MHz, CDQs): 5 1.70(m. 6H), 3.54(m, IH), 3.88(m, IH), 3.91(s, 2H). 
5.34(t, J = 3.17 Hz, IH), 6.67(4 J = 2.20 Hz. IH), 7.01(d, J = 1.95 Hz, IH), 7.20(d, J = 
2.44 Hz, IH), 7.55(d, J = 2.20 Hz, IH). 



Deprotection 

Dissolve [5-(tetrahydropyran-2-yloxy)benzofur-7-yl]-acetonitrile (3.89 g, 0.015 
mol) in methanol (100 mL) and add paia- toluenesulfonic acid monohydrate (0.288 g, 0.1 
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equivalent). After 20 minutes extract with ethyl acetate against water, then wash with 
biine. Concentration in vacuo affords the title compound as an off-white solid. 
HRMS: Calculated: 173.0465. Found: 173.0477. 

5 Preparation 89 

(4-Hydroxybenzofiir-7-yl)acetonitrile 
Beginning with 4-(TetrahydTopyran-2-yloxy)benzofu]W-7-cazt>oxaldehy the 
title compound is prepared essentially as described in Preparation 87. 
ESMS: m/z = 172.0 (M-1) 
10 Benzo[&]thiophene-7-acetamide 

Addbenzo[2']tfaiophene-7-acetoniliile (1.9 g, 11.0 mmol) to 2-niethyl-2-prapanol 
(20 mL). Heat to reflux under nitro^n and add potassium hydroxide pellets (7.4 g, 132 
mmol). Stir and reflux under nitrogen for 30 minutes. Pour solution off of the excess 
potassium hydroxide and dilute with ethyl acetate. Wash with a 1:1 mixture of aqueous 
15 saturated sodium chloride, aqueous saturated sodium hydrogen carbonate. Dry the 

organic phase over anhydrous noagnesium sulfate, filter, and concentrate under reduced 
pressure. Rinse the solid with cold diethyl ether and dry under vacuum to obtain the title 
compound as an off-white solid. 
HRMS: 192.0483 (WT+H) 
2 0 The compoimds of Preparations 91 - 106 may be prepared essentially as described 

in Preparation 90. 



Prep. 


Product 


Data 


91 


2-(l-MBlfayl-lH-indol-4-yl)acetamidB 


HRMS: 189.1028 (M+H) 


92 


2-(lH-Iadol-7-yl)acetamide 


'H-NMR(400 MHz. DMSO-de) 6 
10.9 (bs, 11^, 7.44-7.37(m, 2H), 
7.32(dd, J = 2, <1), 6.98-6.91 (m 3H), 
6.41(m,lH), 3.62 (s,2H) 


93 


2-(4-Methoxybeiizofur-7-yl)acetamide 


MS^): 206.0 (M*+l) 


94 


2-(5-Medioxybaiz(>-fur-7-yl)acetamide 


'H-NMR(400 MHz, DMSO-de) 5 
7.91 (d, J = 2 Hz, IH), 7.5 (bs, IH), 
7.1 (d, J = 2 Hz, IH), 6.96 (bs. IH), 
6.85 (d, J = 2HZ, IB^ 6.8 (d, J = 2 
Hz, IH), 3.74 (s, 3H). 3.61 (s. 2ED 


95 


2-(4-Fluoiobenzofur-7-yl)acetamide 


HRMS: 194.0617 (M*^+l) 
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2-(4,5-Difluoio-beiizofur-7-yl)acetamide 


*H-N]V!R(400 MHz, DMSO-de) 5 8 1 
(d, J = 2 Hz. IH), 7.55 (bs, IH), 7.27 
yaif ^JTLj^ /.i*i-Va, j — z xiz, 1x1^, 7.0x 
(bs. IH), 3.65 (s, 2H) 


97 


2-(5-Fluorobeiizoftir-7-yl)acetamide 


MSfESV 194 1 fVf^+n 


98 


2-<S,6-DifluQiobenzo--fiir-7-yl)acetamide 


*H-NMRr400 MHz DM'^^-H^^^\ 
8.08 (d, J = 2.2. IH). 7.63 (bs. IH). 
7.59 (dd. J = 8, 8 Hz, 2H), 7.09 (bs. 
IH), 6^ (d, J = 2^ Hz, d). 3.75 (s, 
3H) 


99 


2-{6-Fluorobenzofur-7-yl)acetanaide 


MS(ES): m/z = 194.0 (IVT+l) 


100 


2-(Benzo[b]thieii'-7-yl)acetamide 


HRMS: 192.0483 (RT+H) 


lUl 


2-tl5enzotur-7-yl)acetamide 


HRMS: 176.0717 (NT+H) 


102 


2-(Ben2o[blthien-4-yI)acetamide 


HRMS: 192.0490 OVT+H) 


103 


2HJ\iio[3,2-<:]pyridin-7-yl)acetaiiiide 


MS(ES): m/z = 177.1 (\r+l) 


104 


2-(2,3-Dihydrobenzo[l,4]dioxin.5-yl)- 

acetamide 


HRMS: 194.0810 (M-flQ 


105 


2-{4-[3-(tot.ButyldimethyI-silyloxy)- 
propoxylbenzofur-7-vl ) acetamide 


MS(ES): m/z = 364.2 (MT+l) 


106 


2-(l,3-dihydroisobenzofur-5- 
yl)acetamide 


MS(ES): m/z = 178.1 (M*+l) 



Preparation 107 

(5,6-Dihyd«>-4H-p)Tiolo[3,2,l-iy]quino]m-l-yl)acetainide 
f5.6-Dihvdro-4W-nviT0lor3.2.1 -i nQuinolin-1 -yT toxoaftftfamirf.. 

5 Add concentrated ammonium hydroxide (2 mL) to a solution of (5,6-Dihydro-4H- 

pyrrolo[3,2,l-r/Iquinolin-l-yl)oxoacetic add methyl ester (0.50 g, 2.06 mmol) in 10 mL 
of tetrahydrofuian at 0°C. Remove the cooling bath and stir the mixture for 3 hours. 
Dilute the reaction with 20 mL of water and filter the suspension. Wash the filter cake 
with 10 mL of water followed by 10 mL of dieth}^ ether, and dry under reduced pressure 
10 to provide the desired con^und as a Ught yellow solid (0.403 g, 86%). 
MS (IS, m/z) C13H12N2O2 (MT+l) = 229 

Reduction 

Add 10% paUadium on carbon (0.060 g) followed by the careftd addition of 
15 NaHTPOzHaO (0.60 g, 5.67 mmol) to a solution of (5,6-dihydro^H-pyrToloI3.2,l- 

y]quinolin-l-yl)oxoacetamide (0.30 g. 1.31 mmol) in dioxane (6 mL) and water (2 mL) 
and reflux the reaction undar nitrogpn. After 3 hours add 0.60 g of NaH2P02 HiO and 
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reflux for 6 hours. Cool the mixture, filter through Celite, and wash with ethyl acetate 
(100 mL). Concentrate the filtrate under reduced pressvire and treat the residue with water 
(20 mL). Filter the resulting suspension and dry the recovered solid dried under reduced 
pressure to provide the title compound as a white solid (0.27 g, 96%). 
MS (B, /?z/z) C,3Hi4N20i d^+l) = 215 

Preparation 108 
2K6-(tert-butoxycaitK)nyl)-*J.dihydro-6H-[l,4]* 

Beginning with (2K6-{ierNbutoxycaibonyl>67-^ydro-6H-[l,41diazepm^ 
hi]indol-l-yl)oxoacetic add methyl ester (S.Og. 13.95 nomol), the title compound is 
prepared essentially as described in Preparation 107. 
MS (ES, m/2): C18H23N3O3: 330.3 (M*+l), 328.4 (M**-!) 

Preparation 109 
2-0Benzofur-4-yl)acetamide 
Add l,r-carbonyldiimidazole (2.3 g. 14.2 mmol) to a solution of 2-(benzofur^ 
yl)acetic acid (2.5g, 14.2 mmol) in anhydrous tetrahydrofuran (12 mL) under nitrogen and 
stir at 20°C for 4 hours. Bubble anhydrous ammonia through the solution, dilute with 
anhydrous tetrahydrofuran (10 mL) and stir at 20°C for 18 hours. Concentrate under 
reduced pressure, wash the solid with aqueous sodium hydrogen sulfate, distilled water, 
and dry under vacuum to obtain the title compound as a pale yellow solid. 
ESMS: m/z = 176.1 (M^+1) 

Preparation 109 
2-(Imidazo[l ^-a]pyridin-3-yl)acetamide 
Add ethyl (E>oxybutenoate (14.3g, 111.66 mmol) to 2-aminopyridine (10.0 g, 
106.4 mmol) in aoetonitrile (270 ml). Heat the reaction at 80°C for 6 hours. Concmtrate 
the reaction mixture under reduced pressure. Purify die resulting oil by flash 
chromatography, eluting with a gradient of 100% hexane to 95% ethyl acetate: methanol 
to provide imidazo[l,2-a]pyridin-3-yl.acetic acid ethyl ester (10.95g, 50.0%) as a brown 
solid. 

*H-NMR(400 MHz, DMS0^6): 6 8.3 (m, IH), 7.53 (m. IH), 7.46 (s, IH), 6.9 (m, IH), 
6.42 (m, IH), 4.1 (q, J = 7Hz, 2H), 1.15 (t, J = 7Hz, 3H) 
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Bubble ammonia through a solution of (imidazo[l,2-a]pyridin-3-yl)acetic acid 
ethyl ester (10.0 g, 48.96 nnnol) in methanol (30 ml) at O'^C. Heat the reaction mixture in 
a sealed tube at 100°C for 2 hours. Concentrate the reaction mixture under reduced 
pressure. Triturate with ethyl acetate to give the title compound as a white solid. 
5 ESMS: m/z = 176.1 (M*+l) 

The compounds of Preparations 111-114 may be prepared essentially as described 



in Preparation 110. 



Prep. 


Product 


Data 


Ill 


2-(8-fluoroimida2o[l,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 206.0 (IvT+l) 


112 


2-(8-(benzyloxy)imidazo[15^a]pyridin-3- 
yl)acetamide 


HRMS: m/z = 282.1232 


113 


2^(7-chloroimidazo[l ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 210.0 (M*+l) 


114 


2-(8-methoxyimidzo[l ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 206.0 (MT+I) 



10 Preparation 115 

2-(Imidazo[2,l-b]thiazol-3-yl)acetaxEiide 
Beginning with methyl 2-(imidazo[2,l-b]thiazol-3-yl)acetate, the title compound 
may be prepared essentially as described in Preparation 1 10. 
HRMS: m/z = 373.1756 (NT+I) 

15 

Preparation 116 
2-CThiazolo[3,2-b][l,2,4]triazol-6-yl)acetamide 
Methyl 3-oxo-4-((ri.2.41triazol-3-vDsulfanvnbutvrate 

Add dropwise potassium tert-butoxide (11.4 g, 101.8 mmol) in 30 ml NJ^- 
2 0 dimethylformamide (30 ml) to a solution of [l,2,4]triazole-3-thiol (10.3 gm, 101.8 mmol) 
in N J^-dimethylformamide (50 ml). Add dropwise methyl 4-chloroacetoacetate (15.3 
gm, 101.8 romol) in NJ^-dimethylformamide (15 ml) and stir for 3 hours. Concentrate 
under reduced pressure, dilute with ethyl acetate (500 ml), filter, and concentrate under 
reduced pressure. Subject the residue to silica gel chronoatography to provide the desired 
2 5 compound (18.3 gm, 83%) as a yellow oil. 
HRMS: m/z = 216.0443 (M'+l) 
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Heat a mixture of methyl 3-oxo-4-(([l A4]triazol-3-yl)sulfanyl)butyrate (16.4 g, 
76.2 tnmol) and 85% polyphosphoric acid (140 g) at 12£PC for 30 minutes. Pour into a 
stirring niixtute of distiUed water (1.4 L) and ethyl acetate (600 ml). Separate the layers. 
Wash the organic phase with saturated aqueous sodium bicarbonate foUowed by saturated 
aqueous sodium chloride, dry over magnesium sulfate, and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography to provide a yellow oil. 
Dissolve the oil in 7 M ammonia in methanol. After 72 hours cool the mixture to -lO^'C. 
Filter the resulting suspension. Wash the solid with diefliyl ether containing 20% 
methanol then dry under reduced pressure to provide 1.25 g of the desired compound as a 
white solid. 

HRMS: m/z = 183.0351 (NT+l) 

Beginning with methyl 2-(imidazo[2.1-b]thiazol-3-yl)acetate, the title compound 
prepared essentially as described in Preparation 110. 
HRMS: m/z = 373.1756 

Preparation 117 

5-oxo-6-propyl-5,6-dihydro-[l,4]diazepino[6,7,l-hi]indole 
(lH-Ihdol-7-vlmethvl)propvl amine 

Add propyl amine (3.66 g, 62.07 mmol) to a solution of indoIe-7-caiboxaldehyde 
(3.0 g, 20.68 mmol) and acetic add (2.65 ml, 41.3 mmol) in toluene (100 ml). Heat at 
reflux constanUy removing water with a Dean Stark ^paratus. Concentrate the reaction 
under reduced pressure and re-dissolve in methanol. Gently add sodium borohydride 
(0.39 g, 10.34 mmol). Stir for 1 hour at room temperature, concentrate, and partition 
between ethyl acetate and saturated aqueous sodium Wcaibonate. Concentrate the oiganic 
layws under reduced pressure. Con^wund canied onto next step wifliout purification. 
•hNMR (400 MHz. CDQa) 6 10.9 (bs, 1 H), 7.4 (d. / = 8 Hz, IH), 7.28 (d. J = 1.5 Hz, 
lH),7.0(d,y=7Hz. 1H),6.1 (dd,/=8.06, <1 Hz. lH),6.4(d,/= 1.5 Hz. lH),3.95(s. 1 
H), 2.5 (t, H = 7 Hz. 2 H). 1.45 (m. 2 H), 0.8(t, 7 = 7 Hz, 3H). 



• 
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Rinp Formation 

Add chloroacetyl cWoiide (1.7 ml, 21.71 mmol) and diisopropylethylamine (1038 
ml, 62.04 mmol) to a solution of (lH-Indol-7-ylmethyl)pn)pylamine (3.89 g, 20.68 mmol) 
in methylene chloride. Stir for 2 hours, quench with saturated aqueous ammonium 
chloride and extract into ethyl acetate. Wash the organic layers with saturated aqueous 
sodium chloride, dry over magnesium sulfate, filter, and concentrate under reduced 
pressure to yield N-(lH-indol-7-yl)methyl N-propyl 2^hloroacetamide (5.47 gm. 20.68 
mMol). 

Add 5.47 gm (20.68 mMol) N-(lH-indol-7-yl)methyl N-propyl 2-chloroacetamide 
to a suspension of sodium hydride (10 gm, 60% dispersion in mineral oil) in 350 mL 
dimethylfoimamide and stir the reaction at room temperature. Once starting material is 
consumed concentrate the reaction mixture under reduced pressure. Dissolve tihe residue 
in ethyl acetate, wash sequentially with water and saturated aqueous sodium hicart)onate. 
Subject to silica gel chromatography to provide the title compound (3.15 gm, 69%). 
ESMS: 229.1 (NT+I). 

Preparation 118 
4-Bromo-l-[2-(tot-butyldimethylsilyloxy)eth-l-yl]-lH-indole 
Add sodium hydride (4.89g, 122.4 mmol, 60% dispersion in mineral oil) to a 
solution of 4-Bromo-lH-indole (12g, 61.2 mmol) in dimethylformamide (100 ml). Cool 
the reaction to 0°C and add (2-bromo-l-(tert-butyldimethylsilyloxy)ethane (17.04 g, 67.32 
nmiol). Stir the reaction for 1 hour at room temperature, quench with aqueous saturated 
sodium bicarbonate, and extract into ethyl acetate. Combine the organic layers and wash 
with saturated aqueous sodium chloride, dry over magnesium sulfate. Concentrate under 
reduced pressure to obtain the title compound, as a clear oil. 

^H-NMR(400 MHz, DMSOnfe): 6 7.48 (d, J = 8, IH), 7.4(d, J = 3Hz, IH), 7.22(d, J = 8 
Hz, IH), 7.05 (dd, J = 8, IHz, IH), 6.4 (d, J= 3Hz. IH), 4.25 (t, J = 7 Hz, 2H), 3.49(t, J = 
7 Hz, 2H), 1.9 (quintuplet, 2H), 0.82 (s, 9H), 0.0 (s, 6H). 

The compounds of Preparations 1 19 - 122 may be prepared essentially as 
described in Preparation 118. 



m 
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Prep. 


Compound 


Data 


119 


4-Bromo>l-r3-(tert-butyldi- 
methylsilyloxy)prop-l -yl]-lH- 
indole 


^H-NMR(400 MHz, DMSOd^): 5 7.48(d, J = 
8 iro 7 4Cd.J = 3Hz 722fd.J-8Hy 
IH), 7.05(dd, J = 8, IHz, IH). 6.4(d, J= 3Hz, 
IH), 4.25(t, J = 7 Hz, 2H), 3.49(t, J = 7 Hz, 
2H), 1.9 (quintuplet, 2H), 0.82(8, 9H), 0.0(s, 
6H) 


120 


^Bromo-l-methyl-lH-indole 


•H-NMR(400 MBk, CDaj): 57.29-7.25(m. 
2H), 7.10(d, J = 3.2Hz, 1H), 7.07(d, J = 8 Hz. 
IH). 6.53(d, J = 2.4Hz, IH). 3.79(s. 3H) 


121 


l-[2-(tot- 

butyldimethylsayloxy)-eth- 1 -yl]- 
6-methoxy-lH-indole 


HRMS (M*^+l): 306.1882 


122 


7-Bromo-l-(but-3-enyl>lH- 
pym)lo[2,3-c]pyridine 


MSgES+): 251.3 [M('^r)+ir. 253.3 
[M("Br)+lf 



Preparation 123 

(6-Metfaanesulfonyl-5,6-dihydro-[l,4]diazepixio[6 J»l-hi]indoI-l-yO^^ acid methyl 

ester 

5 6-Methanesulfonvl-S,6-dihvdro-ri.41diazeDinor6JJ'Mlindole 

Add triethylamine (3.19 g, 31.56 mmol) to a solution of 2-[(lH-Ihdol-7- 
ylmethyl)amino]-ethan-l-ol (2.0 10*52 nunol) in tetrahydrofiiian (SO ml) at OX. 
Slowly add 1.75 roL (22.09 mMol) methanesulfonyl chloride and allow the reaction to 
warm to room temperature. Quench the reaction with saturated aqueous sodium 

10 bicarbonate and extract into ethyl acetate. Combine the organic layers* wash sequentially 
with saturated aqueous ammonium chloride* water, and saturated aqueous sodium 
chloride, dry over magnesium sulfate, and concentrate under reduced pressure. Add 
sodium hydride (0.8416 g, 21.04 mmol, 60% dispersion in mineral oil) to the resulting oil 
in dimethylformamide (20 ml). Quench the reaction with saturated aqueous sodium 

15 bicarbonate, concentrate to about 10 ml and extract into ethyl acetate. Combine the 

organic layers, wash sequentially with saturated anunonium chloride, water, and saturated 
aqueous sodium chloride, dry over magnesium sulfate, and concentrate under reduced 
pressure. Purification by flash chromatography, eluting with ethyl acetate: hexane 
gradient gives the title compoimd as an off-white solid. 
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Oxoacetic acid formation 

Beginning with 6-methanesulfonyl-5.6-dihydro[l,4]diazepino[6,7,l-hi]indole 
(1.47 g, 5.89 nunol), the title compound (1.1 gm, 56%) is prepared essentially as 
described in Preparation 23 
ESMS (M**+l): 337.1 



2^2^2^T>imethoxvethoxvVl-methvl-4-nitrobenzene 

Add hiomoacetaldehyde dimethylacetal (30.3 g, 179 nmiol) to 2-methyl'S- 
nitrophenol (25 g, 163 mmol) and potassium carbonate (50 g, 362 mmol) in . 
dimethylformamide (200 mL). Stir and reflux under nitrogen for 2.5 hours. Coolt6 20*X: 
temperature and add aqueous sodium hydroxide (200 mL, 1 M). Dilute the mixture with 
hexane, diethyl ether (1 : 1), wash with 0.2 M aqueous sodium hydroxide, aqueous 
saturated sodium chloride, dry the organic phase over anhydrous magnesium sulfate, 
filter, and concentrate under reduced pressure. Recrystallize the product from hexane to 
obtain the desired compound, as tan colored solid 30.6 gm (77%). 

7-Methvl-4-nitro-ben2ofuran 

Add Amberlyst® 15 ion-exchange resin (36 g) to chlorobenzene (700 mL). Heat 
the reaction mixture to reflux and azeotrope out water, to dry the resin. Dissolve 2-(2,2- 
dimethoxyethoxy>l-methyl-4-nitrobenzene (34.8 g, 144 mmol) in chlorobwizene (125 
mL) and add dropwise to the stirring, refluxing reaction mixture under nitrogen over 15 
minutes. Continue refluxing for 1.5 hours. Cool to room temperature, filter to remove the 
resin and concentrate under teduced pressure. Dissolve tihe residue in hexane, diethyl 
ether (1 : 1), wash with 0.5 M aqueous sodium hydroxide, aqueous saturated sodium 
chloride, dty the organic phase over anhydrous magnesium sulfate, filter, and concentrate 
under reduced pressure. Chromatograph on flash silica using hexane, ethyl acetate (9:1) 
and recrystallize fix>m hexane, toluene (1 : 1) to obtain the desired compound as a yellow 
solid (9.7 g, 42%). 



Preparation 124 
2-(4-(acetylamino)benzofur-7-yl)acetamide 
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NJT-rDimethvl] f2-f4-nitmheiizofur-7-vl'>vinvnamitift 

Add 7-methyM-iiitio-benzofuran (3.5 g, 19.7 mmol) to t^-butoxy bis(dimethyl- 
aniino)methane (10.3 g. 59.1 mmol). Reflux under nitrogen for 40 minutes. Concentrate 
under reduced pressure. Dissolve in xylenes (50 mL). concentrate under reduced pressure 
5 and dry under vacuum to obtain the d^d compound as a deep red-brown soUd (4.9 g, 
100%). 

HRMS: 233.0928 (M-fH) 

f4-Nitrobenzn ftir-7-v»acetonitrilft 
10 Add NJ>I-(dimethyll (2-(4-mtrobenzoftir-7-yl)vinyI)amine 

(4.8 g, 20.6 mmol) and hydroxylamine-O-sulfonic add (4.6 g, 40.6 mmol) to 

dimethylfonnamide (45 mL) and stir the mixture at room temperature for 15 minutes. 

Heat at 100»C under nitrogen for 1 hour. Cool to room temperature. dUute with diethyl 

ether, wash with water, aqueous saturated sodium chloiide, diy the organic phase over 
15 anhydrous magnesium sulfate, filter, and concentrate under reduced pressure. 

Chromatograph on flash siUca using 85% hexane, 15% ethyl acetate to obtain the desired 

compound as a light brown solid (2.9 g, 64%). 

ESMS: m/z = 200.9 (M-i) 



20 N-r7-fCvan omethvnbenzofur-4-vnacetaTnidp. 

Add (4-Nitrobenzofur-7-yl)acetonitrile (600 mg, 2.96 mmol), acetic anhydride 

(600 mg, 5.88mmol), and 5% paUadium on carbon (300 mg) to tetrahydrofuran (25 mL). 

Stir under 1 atmosphiae of hydrogpn for 45 minutes. Dilute with ethyl acetate, filter 

through a pad of CeUte®, concentrate under reduced pressure, and chromatograph on 
25 flash silica using 75% ethyl acetate, 25% hexane to obtain the desired compound as an 

off-white solid (0.43 gm, 67%). 

HRMS: 215.0816 QA+H) 



Nitrile Hydrolysis 

Dissolve N-(7-(Cyanomediyl)benzofur-4-yl]acetamide (300 mg, 1.40 mmol) in 2- 
methyl-2-propanol (15 mL). Heat to reflux under nitrogen and add potassium hydroxide 
peUets (1.50 g, 26.7 mmol). Stir and reflux under nitrogen for 30 minutes. Pour solution 
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off Of the excess potassium hydroxide and dilute with ethyl acetate. Wash with aqueous 
saturated sodium chloride, aqueous saturated sodium hydrogen carbonate (3:1), dry die 
aiganic phase over anhydrous magnesium sulfate, filter, and concentrate under reduced 
pressure. Rinse Hie soUd widi cold elhyl acetate, cold methanol and dry under vacuum to 
obtain the title ccnnpound as a tan solid (160 mg, 49%). 
HRMS: 255.0733 (M+H) 



Preparation 125 

2-(diieno[3,2-b]pyridin-7-yI)aoetamide 
7-Bromo-thienor3.2-fcTpY^7^itii. 

Heat phosphorus oxybtomide (145.00 g, 0.50 moles) to 60 °C to form a melt Add 
thieno[3.2-6]-7-pyridinol (14.73 g, 97.43 mmol) while stining and increase heat to 100 ?C 
for 2 hours. Pour the reaction contents over ice (1.0 kg). Dilute the slurry with ice and 
water to about 3 L. Extract the aqueous solution with chlorofonn (4 X 500 mL). Make 
the aqueous solution basic (pH 10-1 1) with 2 N sodium hydroxide and reextract with 
chlorofonn (3 X 400 mL). Treat the organic layers with magnesium sulfate, filter and 
concentrate. Redissolve die crude soHd in dichloromethane (100 mL) and load the 
solution onto silica (300 g). Elute with 2 L of 30% ethyl acetate/dichloromethane. 
Concentrate the eluent to yield the desired compound as a crystalline solid (18.68 g, 
89.5%). 

2-Thienof3.2-fe1pvri din-7-vl-malonic acid diethyl ester 

Caiaige a flask containing sodium hydride (17.45 g, 0.44 moles) with anhydrous 
dioxane (500 ml) while cooling at 0 't. Add diethyl malonate (69.88 g, 0.44 moles) 
diopwise over one hour. Upon reaching ambient temperature, add copper (1) bromide 
(62.59 g. 0.44 moles). Add 7-hromothieno[3,2-6]pyridine (18.68 g. 87.26 mmol) as a 
solution in dioxane (50 mL). Heat the reaction to reflux for 18 hours. Concentrate the 
reaction solution to -175 mL. Pour the concentrate into concentrated ammonium 
hydroxide (2.5 L). Extract the aqueous phase widi ethyl acetate (6 X 300 mL). Wash the 
organic layers exhaustively with 2 N sodium hydroxide until the blue color dissipates. 
Iteat the organiclayers with magnesium sulfate, filter and concentrate. Purification on 
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silica utilizing a solution of 1:1:3 of ether, ethyl acetate and hexane as eluent yields the 
desired compound (14.6 gm, 57%). 



rrhienor3.2'-fc1pyridin-7-vnacetic acid ethvl ester 
5 Dissolve 2-(thieno[3,2-2»]pyiidin-7-yl)malonic add diethyl ester (12.90 g, 44.0 

mmol) in dimethyl sulfoxide (295 mL). Add water (0.79 mL) and lithium chloride (3.73 
g, 87.9). Heat the solution to 1 10 °C for 3 hours. (Quench the reaction with saturated hrine 
(3 L) and extract with ethyl acetate (3X1 L). Rewash die organic layers with saturated 
brine (IL). Treat the organic layers with nciagnesium sulfate, fQter and concentrate. The 
10 residue was purified on silica using 25% ethyl acetate/hexanes to yield the desired 
compound (5.25 g, 54%). 

2->rrhienor3^&lpvridin-7-vl )acptaTnide 

.In a high pressure flask, dissolve (thieno[3,2-Zi]pyridin-7-yl)acetic acid (3.02 g, 

15 13.65 mmol) in absolute ethanol (100 mL). Add ammonium chloride (1.09 g. 20.38 
mmol) to the solution. Cool the solution to -78 ^C. Condense ammonia gas into the 
solution by bubbling (15 minutes at 10 psi). Seal the flask and slowly bring to ambient 
temperature. Stir the reaction at room temperature for 4 days. Cool the reaction vessel to 
-78 °C. Open the flask and allow it to slowly return to ambient pressure. Filter the 

2 0 contents and wash with water (10 mL) to obtain the title compound as a white solid (1 .46 
g). Concentrate the filtrate and triturate the residue with diethyl ether. Filter and wash 
with water (5 mL) to obtain additional pure product (0.46 g). 



Preparation 126 




6-(tert-butoxycarixmyl)-7"mcthyl--6J-dihydro-6H-[l,4]diazepino[6J,14ii]infe^ 
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N-ftert-bu toxvcarbonvl1-N-r2>hvdn>xveth-l-vn 7^1 -aminneth-l^vnindole 

Dissolve 7-formylindole (2.5 g, 17.2 mmol), 2-amiBoethanol (1.31 g, 21.4 mmol). 
and glacial acetic acid (1.29 g, 21.4 mmol) in toluene (250 mL). Reflux for 30 minutes 
and remove the water using a Dean-Stark trap. Distill some of the toluene (200 mL) fix>m 
the reaction mixture and cool the reaction to 0°C. To the stirring reaction at OT! add 
dropwise 1.5 molar methyllithium-lithium bromide complex in diethyl ether (57 mL, 85.5 
mmol) under idtrogen. Stir the reaction at (fC for 15 minutes and quench by adding 
saturated aqueous sodium hydrogen carbonate (125 mL). Add a solution of di-tot-butyl 
dicarbonate (7.52 g, 34.4 mmol) in tetrahydrofuran (50 mL) and stir at 20^C for 18 hours. 
Add aqueous ammonia (29%, 15 mL), dilute the reaction with ethyl acetate, wash the 
organic layer sequentially with distilled water and saturated aqueous sodium chloride. 
Dry the oiganic layer ov^ anhydrous magnesium sulfate, fUter, concentrate under reduced 
pressure and chromatograph on flash silica using ethjd acetate in hexane to obtain 2.5 g 
(47%) of the desired compound-as a colorless oil. 
HRMS: m/z = 327.1677 (M+Na) 

Ring Formation 

Add N-[teTt-butoxycarbonyl]-N-[2-hydroxyeth-l-yl] 7-(l-aminoeth-l-yl)indole 
(2.5 g, 8.21 mmol) to a solution of triethylamine (2.5 g, 24.7 mmol) and anhydrous 
dimethylformamide (40 mL) and cool to 0**C under nitrogen. Add a solution of 
methanesulfonic anhydride (1.80 g, 10.3 nmiol) in dimetiiylfonnamide (10 mL) dropwise 
and stir at 0°C for 30 minutes. Dilute the reaction mixture with cold (O^'C) anhydrous 
dimethylformamide (200 mL) and hexane (50 mL). Add sodium hydride 60% disperaion 
in mineral oil (1.97 g, 49.2 mmol), to the stirring reaction mixture under nitrogen, and 
allow the reaction to slowly warm to 20**C. Stir at 2(rc far 18 hours. Quench the excess 
sodium hydride by adding 50% aqueous acetic acid (20 mL) and concentrate under 
reduced pressure. Dilute the residue with dietityl ether, ethyl acetate (1:1), wash with 
distilled water, 0.5 molar aqueous sodium hydrogen carbonate and aqueous saturated 
sodium chloride. Dry the organic phase over anhydrous magnesium sulfate, filt^, and 
concentrate under reduced pressure. Chromatograph on flash silica using ethyl acetate in 
hexane to obtain 2.2 g (94%) of the tifle compound as a white solid. 
HEIMS: m/z = 309.1579 (M+Na) 
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Preparation 127 
6Ktert-butoxycarbonyl)-7-methyl-6J^ydro-«H-[l.^^ 

yl)oxoacetic acid methyl ester 
Beginning with 6-(teit-butoxycaitK)nyl>7-methyl-6 J-dihydro-6H-[l,4]di^^ 
[6,7,l-hi]indole, the title compound was prepared essentially as described in Preparation 
23. 

HRMS: m/z = 373.1749 (M+H) 

Subject the racemic material to chiral chromatogr^hy on a ChiralPak® AD 4.6 x 
250 mm column, elating with methanol at a flow rate of 1.0 ml/min. 

The first eluting isomer (5.1 minutes) is (+)-6-(tot-butDxycarbonyl)-7-methyl-6.7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)oxoacetic acid methyl ester. 
[a]58900MSO. c = 10 mg/ml) = +98° 
HRMS: m/z = 373.1766 (M+H) 

Hie second eluting isomer (7.2 minutes) is (-)-6-(tCTt-butoxycaibonyl)-7-methyl- 
6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indoH-yl)oxoacetic acid methyl ester. 
[oc]589pMSO, c = 10 mg/ml) = -94,9** 
HRMS: m/z = 373.1756 (M+H) 

Preparation 128- 
1 -iodo-2-oxo-2-(morpholin-4-yl)ethane 
Dissolve l-chloro-2-oxo-2-(morphoIin-4-yl)ethane (7.0 g, 42.8 mmol) and sodium 
iodide (8.0 g, 53.4 mmol) in 2-butanone (150 mL) and reflux for 3 hours under nitrogen. 
Dilute with ethyl acetate (200 mL), filter, concentrate under reduced pressure and 
chromatograph on flash silica using neat ethyl acetate to obtain 9.4 g (86%) of the title 
compound as a yellow oil. 
HRMS: m/z = 255.9837 (M+H) 

Preparation 129 
2-(23-Dihydrobenzo[l ,4]dioxin-5-yl)acetamide 
(2.3-Dihvdrobenzori.41dioxin-5>-y1)TnethflTin1 



10 
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Dissolve 23-dihydroxybenzaldehyde (25 g, 181 mmol) and U-dibromoethane 
(34 g, 181 mmol) in NJ^^-dimethylfoIma^lide (500 mL). Add cesium carbonate (118 g. 
362 mmol), stir and reflux under nitrogen for 2 hours. Cool the reaction to TXfC, dilute 
with absolute eUianol (250 mL) and add sodium borohydride (6.8 g, 181 mmol). Stir at 
20T: for 1 hour and concentrate under hi^ vacuum to remove the ethanol and 
dimethylfonnamide. DUute the residue with diethyl edier and wash with distilled water. 
0.25 molar aqueous sodium hydroxide, and aqueous saturated sodium chloride. Dry the 
organic phase over anhydrous magnesium sulfete, filter and concentrate under reduced 
pressure. Chromatograph on flash silica usmg a gradient fiom 75% hexanc, 25% ethyl 
acetate to 25% hexane. 75% ethyl acetate to obtain 8.1 g (27%) of the desired compound 
as a white solid. 
HRMS: m/z = 166.0621 (M) 

(2.3-Dihvdrohen 7ori.41dioxin-5-vl'>-chlQmmftfhfl nt. 

Dissolve (2.3-Dihydrobenzo[1.4]dioxin-5-yl)methanol (1.8 g. 10.8 mmol) in 
dichloromethane (15 mL). Add neat thionyl chloride (2 mL. 27.4 mmol) diopwise to the 
stirring reaction mixture at 25''C under nitrogen. Stir the reaction for 15 minutes and 
concentrate under reduced pressure to obtain 2.0 g (100%) of the desired compound as a 
yellow oil. 

20 HRMS: m/z = 184.0290 (M) 

(2.3-Dihvdrnhe nzori.41dioxin-5-^>acetnnitrilp 

Add (2,3-Dihydrobenzo(l,4]dioxin-5-yl>chloromethane(1.9g, 10.2 mmol) and 
sodium cyanide (655 mgs. 13.3 mmol) to dimethylsulfoxide (20 mL). Stir under nitrogen 

25 at 65^ for 18 hours. Dilute the reaction with ethyl acetate, wash with 0. 1 molar aqueous 
sodium carbonate and aqueous saturated sodium chloride. Dry the organic phase over 
anhydrous magnesium sulfate, filter and concentrate under reduced pressuie. 
Chromatograph on flash silica using a gradient from neat hexane to 50% ethyl acetate in 
hexane to obtain 1.23 g (68%) of the desired compound as a white soUd. 

3 0 HRMS: m/z = 175.0624 (M) 



15 
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Nitrile Hydrolysis 

Beginning with (2^-Dihydroben2o[l,4]dioxin-5-yl)acetomtrile (1.1 g, 6.2 minol), 
850 mg (70%) of the tifle compound is prepaied as a white soKd essentially as described 
in Preparation 79. 
HRMS: miz = 194.0810 (M+H) 

Preparation 130 

S-Fluoro-lH-indole-7-^aiboxaldehyde 
(5-Fluoro-2-nitiophenvDmethanol 

Dissolve 5-fluoro-2-nittoben2oic add (15 g, 81.08 nunol) in anhydrous 
tetrahydrofiiian (200 mL) and add dropwise with stiiring at 20^ a 1 molar solution of 
baraneintetrahydroftiran(243ml,243mmol). Stir the mixture at 20^C for 72 hours then 
add methanol (200 ml). Concentrate under reduced pressure and purify the residue by 
flash column chromatography (silica gel, 10-30% ethyl acetate^exane) to obtain 13.92 g 
(100%) of the title compound as a white solid. 

*H-NMR(CDCl3): 5 8.14(dd, IH), 7.48(dd, IH), 7.06(ddd, IH). 4.98(s, 3H), 2.04 (s, IH) 

5-Pluoro-2-nitrobenzaldehvde 

Dissolve (5-fluoro-2-nitrophenyl)methanol (13.92 g, 81.08 mmol) in 
dichloromethane (284 mL). Add 4A molecular sieves (73 g) and pyridinium dichromale 
(36.58 g, 97.3 mmol). Stir the mixture at 20°C for 6 hours. Filter the crude reaction 
mixture through a short silica gel column. Remove the solvent under reduced pressure 
and purify the residue by flash chromatography (silica gel, 10-20% ethyl acetate/hexane) 
to obtain 9.43 g (69%) of title compound as colorless oil. 
^H-NMR(C3X:i3): 6 10.44(d, IH), 8.22(dd, IH), 7.62(dd, IH), 7.41(ddd, IH) 

2^Dibutoxvmethvl-4-fluoiio- 1 -nitrobenzene 

Dissolve 5-fluoro-2-nitrobenzaldehyde (9.43 g, 55.81 mmol), 1-butanol (12.41 g, 
167.4 mmol) and 4-toluenesulfonic add monohydrate (0.9 g, 4.7 mmol) in toluene (84 
mL). Heat the reaction mixture to reflux, and remove the water using a Dean-Stark 
apparatus. Continue to heat the reaction mixture for 3 hours. Add water and extract the 
aqueous layer with ethyl acetate. Combine the organic layers and dry over anhydrous 
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sodium sulfate. Filter, concentrate under reduced pressure and purify by flash column 
chromatography (1% v/v triethylamine buffered silica gel, 5% ethyl acetate/hexane) to 
obtain 15.8 g (95%) of the title compound as colorless oil. 

^H"NMR(CDa3): 5 7.90(dd, IH), 7.53(dd, IH), 7.12(ddd, IH). 6.04(s, IH), 3.64(t, IH), 
5 3.62(t, IH), 3.54(t, IH), 3.52(t, IH), 1.59(m, 4H). l,38(s, 4H), 0.92(t, 6H). 

Ring formation/deprotection 

Dissolve 2-dibutoxymetibiyl-4-fluQro-l-mtroben2ene (15.8 g, 52,84 mmol) in 
tetrahydrofiiran (528 mL) under nitrogen and cool the solution to -40°C. Add with 

1 0 stirring a 1 molar solution of vinyhnagnesium bromide in tetrabydiofuran (21 1 ihL, 211 
mmol), maintaining a temperature of -40°C. Stir die reaction mixture at -4(rc for 40 
minutes, then add aqueous saturated ammomium chloride. Extract the aqueous layer with 
ethyl acetate. (Combine the organic layers, dry over anhydrous sodium sulfate, filter, and 
concentrate under reduced pressure. Dissolve the residue in tetrahydrofiiran (160 mL) and 

15 cool to arc. Add 0.5 N aqueous hydrochloric acid (20 mL) and stir the mixture at 0°C fcxr 
1 hour. Add aqueous saturated sodium hydrogen carbonate (200 mL) and extract the 
aqueous layer with ethyl acetate. Combine the organic layers, dry over anhydrous sodium 
sulfate, filter, concentrate under reduced pressure and purify by flash column 
chromatography (silica gel, 5% ethyl acetate/hexane) to obtain 4.76 g (55%) of the title 

2 0 compound as a white solid. 



0.158 gm platinum oxide in 200 mL ethanol saturated with hydrogen chloride at 60 p.si. 
for 2 hours at room temperature. Filter the reaction mixture and concentrate the filtrate 
under reduced pressure to provide 0.58 gm ethyl 2-(5,6,7,8-tetrahydroimidazo[l,2- 
a]pyridin-3-yl)acetate. Heat a solution of this ester in 40 naL 2 M ammonia in methanol 
30 in a sealed tube at lOO^C for 2 hours. Cool the reaction mixture to room temperature and 
concentrate under reduced pressure to a volume of about 5 mL. Dilute with ethyl acetate 
and filter the resulting solid to provide the titie compound. 



^H-NMR(CDCl3): 5 10.07(s. 2H), 7.62(dd, IH), 7.40(m, IH), 6.60(t, IH) 



25 



Preparation 131 
2-(5,6,7,8-tetxahydroiniidazo[l,2-a]pyridin-3-yl)acetaniide 
Hydrogenate a mixture 2-(imidazo[l,2-a]pyridin-3-yI)acetaniide (0.64 gm) and 
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MS(ES): m/z = 180.1 (M^+l) 

Preparation 132 
2-(pyrazolo[2,3-a]pyridiii-3-yl)acetainide 
Beginning with 2-(pyra2olo[2.3-a]pyridin-3-yl)acetomtrile, the title compound is 
piepaied essentially as described in Preparation 90. 

Preparation 133 

2<4-Chlorofuro[3^-c]pyridin-7-yl)acetamide 
7-(HvdioxvmethvnfiirDr3.2Hc1o\TOn-4-Qne 

Add lithium diisopropylamine (0.454 mole) as a solution in tetrahydiofuran (100) 
mL to a solution of 3-furoic acid (23.36 g, 0.208 mole) at -78 '^C over 30 minutes and stir 
for 1 hour at -78 ""C. To the resulting di-anion add 1,3-Bis-triisopropylsilanyloxy-propan- 
2-one as a solution in tetrahydrofiiran (250 mL)over 30 minutes and stir at -78 °C for 1 
hour and allow to wann to room tenqierature overnight Quench the reaction with 
saturated aqueous ammonium chloride, pour into ethylacetate (1 L), add IN HCL (IL) 
and separate tiie two layers. Wash the organic layer with IN HCl, water, and brine, dry 
over magnesium sulfate, fiHter and concentrate to an oil. Dissolve the crude oil in 50% 
tetrahydrofin-an and 50% 3N HCl (IL) and heat a reflux over night. DistiU off 
tetrahydiofuran, concentrate under reduced pressure and, add acetonitrile remove it under 
reduced pressure to azeotrope off the remaining water. Dissolve the resulting crude oil in 
acetonitrile (250 mL) and add the solution to a solution of toluene containing a catalytic 
amount of p-toluenesulfonic acid at reflux that is fitted with a Dean Stark trap over 30 
minutes. Toluene was added to replace the acetonitrile and water removed by distillation 
and azetroping (500 mL). Heat the solution at reflux until it appears no futher water is 
being removed. The hot solution was poured into an erlenmeyer flask and allowed to 
cool. Triturate the brown remaining residue with ethylacetate and methanol and combme 
it with the toluene solution and concentrate. Dilute with ethylacetate and wash with 
saturated aqueous sodium bicarbonate and brine, dry over magnesium sulfate and 
concentrate to an off white solid. Purification by flash chromatography eluting with 
hexane:ethylacetate gives 13.27 g (42%) of the title compound as a white solid. 
MS(ES): m/e = 167.0 (M*+l). 
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Methvl (4 H>xo-4.5>dihvdrofuror3^.<:lDvridiii-7>vnacetate 

Combine 7-(hydroxymethyl)ftiro[3,2-c]pyran-4-one (8.28 g, 49.8 nmol), 
ammonium acetate (76.8 g, 996 mmol), and glacial acetic acid and heat at reflux for 3.5 
hours. Cooling to room temperature, pouring into ethylacetate, washing with water 
saturated aqueous sodium bicarbonate, and brine, drying over magnesium sulfate, filtering 
and concentrating gives 4.42 g (42%) of the title compound. 

'H-lSfMR(DMSOd6): 8 11.5(s. IH), 7.91 (d, 7 = 2 Hz). 7.41 (s. IH). 6,94(d,/= L6H2. 
IH), 5.06(s, 2H), 2.00(s, 3H). 

f4-Oxo^, 5-dihYdrofiiror3,2-c1pvridin-7-vnacetonitrile 

Combine methyl (4K)xo-4,5-dihydiofuro[3,2-c]pyridin-7-yl)acetate (4,42 g, 21.3 
mmol), sodium cyanide (5.22 g, 106 mmol), and dimethylsulfoxide (44 mL) and heat at 
80 ''C for 1 hour. Cool to room temperature, pour into ethyl acetate, wash sequentially 
with water, saturated aqueous sodium bicarbonate, and saturated aqueous sodium 
chloride, dry over magnesium sulftate, filter, and concentrate under reduced pressure to 
provide the desired compound (3.63 g, 63%). 
MSCES): m/z = 173.1 (MT-l) 

Chlorination 

Add phosphorus oxychloride (150 mL) to (4-oxo-4,5-dihydrofuro[3,2-c]pyridin-7- 
yI)acetonitrile (2.363 g, 13.5 mmol) and heat at reflux. Concentrate under reduced 
pressure, dissolve the residue in tert-butanol (35 mL), and heat to reflux. Add KOH 
(85%) pellets and heat at reflux for 15 minutes. Cool the reaction and pour into ethyl 
acetate. Wash the organic solution with water and saturated aqueous sodium chloride, dry 
over sodium sulfate, and filter. Subject residue to flash chromatography, eluting with 
ethyl acetatermethanol to provide the title compound (858 mg, 31%) as an ofi^ white solid. 
MS(ES): m/e = 210.9 (M*). 
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Preparation 134 
2-(4-Dimethylaininoftaro[3,2-clpyridan-7-yl)acetainide 
Combine 2-(4-cWorofiiro[3^-c]pyridin-7-yl)acetainide (850 mg. 4.21 mmol), 
diinethylfonnaimde(5niL)andethanolaiiiine(0.76iiiL. 12.63 mmol). Heat the reaction 
at 130 °C ovemigjit. Add additional cthanolamine (0.25 ml) and heat at 130 "C 
overnight. Cool to room temperatuie. concentrate, and dUute with ethyl acetate. Wash 
with saturated aqueous sodium bicarbonate and concentrate. Subject to flash 
chromatography, eluting with ethy lacetatermethandl to provide the title compound as a 
white solid (400 mg, 43%). 
MS(ES): m/e = 220.1 (M++1) 

Pleparation 135 
2-(7-cyanoimidazo(l>a)pyridin-3-yl)acetamide 
Add 100 mL ammonium hydroxide to a sealed tube containing 12.5 gm (90.21 
mMol) 2-chIoro-3-cyanopyridine. Seal the tube and heat the suspension at 120°C for 6 
hours. Cool the reaction mixture to room temperature and partition between ethyl acetate 
and saturated aqueous sodium bicarbonate. Extract the aqueous phase with ethyl acetate 
(3 X 100 mL) followed by 70:30 ethyl acetatern-butanol (2 x 100 mL). Combine organic 
phases and concentrate under reduced pressure to provide 2-aniino-3s;yanopyridine. 
MS(ES): m/e = 120 (M*+l) 

2-amino-3-cyanopyridine is reacted as described in Preparation 110 to provide the 
title compound. 

MS(ES): m/e = 230(Mr+l) 
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Ftepaiation 136 




O, 



P — 



O 



Methyl (5,6-(2^-^ethyl-[l,3]dioxolanyl)-8-(tert-buto^^ 

[l,51diazaperhydroonino[8,9,l-hi]indol-l-yl)oxoacetate 

5 Oxidation 

Add osmium tetraoxide (9mg, 0.035 mmol) in butanol (1.5 mL) to a solution of 
the altene prepared in Preparation 18 (0.5 g, 1.75 mmol) in 9:1 tetrahydrofiiran:water. 
Stir the mixture for 1 hour at room ten^erature. (Quench with NaHSOs, dilute with ethyl 
acetate, and filter. Wash the organic layer sequentially with water and saturated aqueous 
1 0 sodium chloride, dry over sodium sulfate and concentrate under reduced pressure. 
Subject to silica gel chromatography, eluting with a gradient of 3:1-0:1 hexane:ethyl 
acetate to provide the desired diol. 

Diol Protection 

15 Dissolve the diol (0.22 g, 0.66 mmol) and p-toluenesulfonic acid (25 mg) in 5 mL 

acetone and stir the mixture for 1 hour at room temperature. Concentrate under reduced 
pressure and subject the residue to silica gel chromatography, eluting with a gradient of 
hexane containing from 0-33% ethyl acetate to provide the protected diol (150 mg, 61%). 

20 Qxoacetic acid ester formation 

Beginning with the protected diol, the title compound is prepared as a yellow solid 
essentially as described in Preparation 23 (60 mg ). 
MS(ES): m/z = 459(Iwr+H) 
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Preparation 137 

3-(8-t^-butoxycarbonyl-[l,5]diazoperhydroomno[8,94-hi]m^ 

2,5-dioxopyrrole 

Add potassium tot-butoxide (2.19 ml, 2.19 mmol, IM solution in tetrahydrofuran) 
5 to a suspension of 2-(benzofur-7-yl)acetamide (0.13 g, 0.73 nunol) and (8~tot-butoxy- 
carbonyl-[l,5]dia2operhydn>onino[8,9,l-hi]indol-l-yl)oxoacetic acid methyl ester (0.283 
g. 0.73 mmol)in dimethylfonnamide (5 ml). Stir the reaction for 2 hours, quench with IN 
HCl, and extract into ethyl acetate. Wash the organic extracts sequentially with saturated 
aqueous sodium bicarbonate and saturated aqueous sodium chloride, dry over magnesium 
1 0 sulfate, filter, and concratrate under reduced pressure. Chromatograph on flash silica, 
eluting with a gradient from neat hexane to 100% ethyl acetate to obtain the title 
compound as an orange solid (0.19 g, 51%). 
MS(ES): miz = 512.1 (\r+l) 



The compounds of Preparations 138-150 are prepared essentially as described in 
15 Preparation 137. 



Prep. 


Compound 


Data 


138 


3-(8-tot-butoxycarbonyl-.[l,5]diazoperhydroonino- 

[8,9,l-hi]indol-l-yl)-4-(5-Huoro-4-meaioxybenzofur- 

7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 560.8 
(kT+l) 


139 


3-(8-tert-butoxycarbonyl-[l ,5]diazopeihydroonino- 

[8,9,l-hi]indol-l.yl)-4-(furo[3,2Hc]pyridin-7.yl)-2,5. 

dioxopyrrole 


MSCES): m/2 = 513.2 
(M^+1) 


140 


3-(6-tot-butoxycarbonyl-[l .SJdiazopeihydioonino- 

[8,9,l-W]mdol-l-yl>-4-(furD[3,2-c]pyridin-7-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 513.2 
(M*+l) 


141 


3-(6-tot-butoxycarbonyl-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)^-(furo[3,2- 

c]pyridin-7-yl)-2,5-dioxopyrrole 


HRMS:ni/z = 
485.1832 


142 


3-(6-tot-butoxycarbonyl-6,7-dihydro-6H- 

[1.4]diazepino[6,7,l-hi]indol-l-yl)-4-(isoquinolin-5- 

yl)-2,5-dioxopyrrole 


MS(ES): m/z = 495.1 
(Wr+1) 


143 


3-(8-tot-butoxycarbonyl-[l ,5]diazoperiiydrooiimo- 

:8,9,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)- 

2,5-dioxopyrrole 


^S(ES): m/z = 512.2 
(Wr+1) 


144 


3-(6-(2,4-dimethoxybenzyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)^(imidazo[l,2-a]- 

pyridin-3-yl)-2,5-dioxopynx)le 


MS(ES): m/z = 564.2 
(M++1) 


145 


3-(8-fluoro-6-(tot-butoxycarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino(6,7,l-hi]indol-l-yl)-4-(imidazo[l,2-a]- 

pyridin-3-yl)-2,5-dioxoDyn:ole 


MS(ES): m/z = 502.0 
(M^+1) 
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146 


3-(6-^t-butoxycarbonyl).6,7-dihydro-6H-[l,4]diaze- 
pinor6,7.1-j]ilindol-l-vlV4-/'7-ch]omiTni(i97nri 7 «>i 

pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES): m/z = 518.1 


147 


3K9-fluoro-6Ktot-butoxycaibonyl>6,7-<lihydiD-6H- 
[l,4]diazepino[6.7,l-hi]mdol-l-yl)-4-(7-chlQio. 
miidazo[l ^a]pyridin-3-yl)-2,5-dioxopyrrole 


MSCES): m/z = 535.9 
0^+1) 


148 


3-(6-(t^-butoxycaibonyl)-6.7-dihydrc)-6H-[l,4]diaze- 

pino[6ja-hi]indol-l-yl)-4-(8-methoxyimidazo[l,2- 

a]-pyridm-3-yl)-2,5-dioxopym)le 


MSCES): m/z = 513.9 
(M^+1) 


149 


3-(6-(tert-butoxycaibonyl>6 J-dihydiD-6H-[l ,4]diaze- 

pino[6J4-W]indol-l-yl>4-(6-chlQrDiiiiidazo[li-a]- 

pyridm-3-yI>-2.5-dioxopym)le 


MSCES): m/z = 518 
(M*+l) 


150 


3-(6-(tot-butoxycaibonyl>6,7-dihydio-6H-[l ,4]dia2e- 

pino[6J4-hi]indol-l-yl)-4-(iimdazo[l^a]-pyridiinm 
3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 485.1 
(M*+l) 



Preparation 151 
6-methyl-8-bromoiinida2o[l »2^a]py[idine 
Add chloroacetaldehyde (2.51 g, 32.08 nmiol) to a solution of 2-aniino-3-hrDmo- 
5-inethylpyridine (2.0 g, 10.69 mmol) in acetonitrile (200 ml). Reflux the reaction for 4 
hours and then cool. Hlter the reaction mixture and partition the white solid between 
saturated aqueous sodium bicarbonate (300 ml) and ethyl acetate. Separate the organic 
layer, wash with saturated aqueous sodium bicarbonate, dry over magnesium sulfate, and 
concentrated under reduced pressure to give the tide compound as a tan soUd. 
MS(ES) m/z = 21 1.0 (M^+1) 



Preparation 152 
6,8-<limethyIimidazo[l,2-a]pyridine 
Microwave a mixture of 6-methyl-8-bromoiniidazo[l,2-a]pyridine (1.0 g, 4.76 
nmiol), tetramethyl tin (2.0 g. 11.2 mmol), and palladium tetralds(triphenylphosphine) 
(0.28 g, .024 mmol) at for 10 minutes at 300 watts. Subject the reaction mixture to 
flash siUca gel chromatography to provide a quantitative yield of the title compound as a 
tan oil. 
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Preparation 153 

R-6-(tea-butoxycarbony]>5-methyl-6jKimydio.6ff.I1.4]diazepmo[6J^ 

N-rfm-itldnl-7-Yl>^ qthvn-R-2-a,T.jT,oDn^nan-1^1 

Add D-alaninol (,2S ml. 37.39 mmol). sodium triacetoxy borohydride (8.7 g. 
5 41.09 mmol). and acetic add {0.8ml. 13.7 mmol) to a solution of lH-indol^7- 

carboxaldehyde(2.0g. 13.7 mmol) in dichloroethane (100 ml). Stir the reaction mixture 
atioomtemperatuieforonedayandthenateo-Cfarlday. Quench with saturated 
aqueous sodium WcaAonate. wash with saturated aqueous sodium chloride, diy over 
magnesium sulfate, and concentrate under reduced piessuie to provide the title compound 
10 (0.87 g. 31%) as a yeUow oU. 
MS(ES): m/z = 205(M*+l) 

N-rtert-butoxycari>miYn-N-rriff-indo1-7.vlW^i,yi^ ,R.2.^i„,,p ^ 

Reflux N-t(lfl^-indol-7-yl)methyl].R-2-aminopropan.l-ol (0.500 g. 2.45 mmol) 
and di-^-butyl dicarbonate (0.640 g. 2.94 mmol) in tettahydiofuran (25 ml) under 
nitrogen for 1.5 hr. Cool to room temperature and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography, eluting with 1:1 ethyl acetaterhexane to 
provide the title compound (0.680g, 96%) as a clear oil. 
MS(ES): m/z= 305.0 (M + 1) 



15 



20 



25 



30 



N-rtert-butoxyca ibonYn - N -r n g-indol-7-vlW,^thvn-R.2->.«iinrwi. 
methanesulfonyloxypropane 

Add a solution of methanesulfonyl chloride (0.237 g. 0.16 ml. 2.07 mmol) in 
dichloromethane (5 ml) dropwise to a solution of N-[tert-butoxycaibony]]-N-[(m-indol- 
7-yl)methyl]-R-2-aminopropan-l-ol (0.600 g. 2.07 mmol) and triethylamine (1 .44 ml. 
1.045 g. 10.33 mmol) in dichloromethane (20 ml) at 0°C under nitrogen for 1 hour. 

Dilutelhereactionmixturewithicewaterandextractwithdichloiomethane. Washthe 
organic phase with concentrated aqueous sodium chloride, dry over magnesium sulfate 
and concentrate under reduced pressure to provide the title compound. 
'HNMR (400 MHz. CDCl,): 5 10.20 (s. hr. IH). 7.61 (m. IH). 7.22 (m. IH). 7.04 (m 
2H). 6.53 (d. J = 2.44 Hz. IH). 4.91 (m. lEQ. 4.59 (m. IH). 4.24 (m, IH). 4. 12 (m. IH) 
3.90 (m. IH). 3.45 (m. 2H). 2.31 (s. 3H). 



• 
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Ring Closure 

Add sodium hydride (0.124 g, 3. 1 1 mmol, 60% suspension in oil) to a solution of 
N-[tert-butoxycarbonyl]-N-[(lj¥-indol-7.yl)niethyl]-R-2-an^ 
propane in dimethylfonnamide at 0°C under nitrogen. Stir the reaction for 1 hour and 
then partition between ethyl acetate and saturated aqueous ammonium chloride. Wash the 
organic phase with saturated aqueous sodium chloride, dry over magnesium sulfate, and 
concmtrate imder reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 1:1 hexanerethyl acetate to provide flie titte compound (0.367 g, 66%) as a 
white solid. 

MS (ES): m/z = 287.0 (M + 1) 



6-(tot-butoxycaibonyl)-4-methyl-«,7-^hydro-6/f41.4]diaz^ 
flhdol»-7-vnmethY laTnine 

Add hydroxylamine hydrochloride (2.87 g, 41.37 mmol) and ammonium acetate 
(4.78 g, 62.06 mmol) to a solution of indole-7-caiboxaldehyde (3.0 g, 20.68 mmol) in 
ethanol: H2O (3: 1) (120 ml). Stir at room temperature for 2 hours. Add ammonium 
hydroxide (25 ml, 0.72 mmol) and zinc (11.0 g, 8.1 mmol) in portions. Filter the reaction 
mixture, dilute with ethyl acetate, and wash with water. Extract the organic layer with IN 
HCl. Make the aqueous layer basic by adding IN NaOH and extract with ethyl acetate. 
Wash the organic layer with water followed by saturated aqueous sodium chloride, dry 
over magnesium sulfate, and concentrate under reduced pressure to provide the desired 
compound (2.69 g, 89%) as a white solid. 
MS(ES): m/z = 147(M^+l) 

N-rnhdol-7-vDmethvn-2-hromoprQp iQTiamidft 

Add 2-bromopropionyl chloride to a solution of (indol-7-yl)methylamine and 
triethylamine (0.49g, 47.6 mmol) in tetrahydrofiiran (20 ml) at 0**C. Stir for 1 hour at 
room temperature and quench with saturated aqueous sodium bicarbonate. Extract with 
ethyl acetat, concentrate under reduced pressure and subject the residue to silica gel 
chromatography to provide the desired compound (0.62g, 46%) as a yellow solid. 



Preparation 154 
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MSOBS): in/z = 281.0 (M*+l) 

4-methvl-6.7-dihvdro-6 ff-ri .41diazepinor6.7.1 -falindnl-'^t-nnp. 

Add sodium hydride (0.03 g, 1.59 tnmol. 60% dispersion in mineral oil) to a 
solution of N-[(indol-7-yl)methyl]-2-bromopropionamide (0.6 g, 2.12 mmol) in dimethyl- 
fonnamide (20 mi). Stir the reaction at room ten^aature for Ihour, quench with 
saturated aqueous saturated sodium Wcaibonate. Extract with ethyl acetate, concentrate 
under reduced pressure and subject the residue to silica gel chromatogr^hy, eluting with 
1:1 ethyl acetate:hexanes to provide the desired conqmund (0.3 g, 94 %). 
MS(ES): m/z = 201.1 (NT+l) 

Reduction 

Add 4-nielhyl-6,7-dihydro-6£r-[l,4]diazepino[6,7,l-Ai]indol-3-one (1.0 g, 4.99 
mmol) to a suspension of lithium aluminum hydride (0.194 g, 4.99 mmol) in tettahydro- 
finan (100 ml) at O'C and stir for 1 hour. Add sequentially water, aqueous sodium 
hydroxide, and water with vigorous stirring. Add di-tert-butyl dicarbonate (1.30 g, 5,99 
mmol) and stir at room temperature to give the title conqmund (0.62 g, 44 %) as a white 
solid. 

'H-NMR(400 MHz, DMSO-dc): 87.4 (m, 2H). 6.85 (m. 2H). 6.5 (d, IH). 5.1-3.6 (m, 
5H), 1.4-1.2(m,12H). 

Preparation 155 

6-(2,4-dimethoxybenzyl)-4,4-dimethyl-6.7-dihydro-6H-[l,4]diazepino[6,7,l-W]indole 
N-rfindol-7-vDmethvn-2.4-dimethoxvbenzvlamine 

Add 2,4-dimethoxybenzylamine (27.64g, 165.3 mmol) to a solution of indole-7- 
caiboxaldehyde (20.0 g, 137.7 mmol) and acetic acid (8.26 ml, 137.7 mmol) in toluene 
(250 ml). Reflux and collect water using a Dean-Stark tiap while replacing with fresh 
anhydrous toluene. Concentrate under reduced pressure, dissolve the residue in methanol 
and add sodium borohydride in portions. Dilute wifli ethyl acetate and wash sequentially 
with saturated aqueous sodium bicaifoonate followed by saturated aqueous sodium 
chloride, dry over magnesium sulfate, and concentrate under reduced pressure to provide 
tiie desired conqwund as a brown oil. 
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N-r2,4-dimetfaoxvbenzvl1-N-rindftl-7 -vlmethvn-2-bromoprop innaiTiiHp. 

Add 2-bromopropionyl chloride (3.25 g, 18.96 mmol) to a solution of N-[(indol-7- 
yl)methyl]-2,4-dimethoxybenzylamine (5.0 g, 17.24 mmol) and triethylamine (3.49g, 
64.48 mmol) in tetrahydrofuran (100 ml). Stir for Ihour at room temperature and quench 
with saturated aqueous sodium bicarbonate. Extract with etiiyl acetate, concentrate under 
reduced piessuie, and subject the residue to silica ^1 chromatography eluting with 1:1 
ethyl acetate:hexanes to piovicte the desired compound (4.72 g. 63 %), 
'H-NMR(400MHz, DMSO-dj): 811.2 and 10.7 (bs, IH, rotamers), 7.5 -6.5 (m. 8H), 5.2 
- 4.0 (m, 6H), 3.7 (d, 3H, rotamers), 1.8 - 1 J (m, 2H, lotamers). 

6-(2.4-dimethoxvbenzvn-4-medivl-6.7-dih vdro.6g.ri.41riiazepinor6.7.1-faliiidol-3-^ 

Add sodium hydride (0.08 g. 3.47 mmol. 60% dispersion in mineral oU) to a 
solution of N.[2,4.dimetiioxybenzyl]-N-(indol-7-yhnethyI]-2-biomcq»rDpionamide (1.0 g, 
2.32 mmol)indimethylfotmaniide(lOml). Stir at room temperature for Ihour, quench 
with saturated aqueous sodium bicarbonate, extract with efeyl acetate, concentrate undo- 
reduced pressure, and subject the residue to silica gel chromatography to provide the 
desired compound (0.74 g, 91 %). 
MSCES): m/2 = 350.7 (M*+l) 

6-(2.4-dimBthoxvbenzvlV4 4-diniPAYl-rt,7 .dihvdro-6g-rt.41diazeirinor6.7.1-/»1i 
one 

Add n-butyllithium (15.9 ml, 1.6 M in hexane) to a solution of diisopropylamine 
(2.74, 27.16 mmol) in tetrahydrofuran (200 ml) at -15''C and stir for 30 minutes. Cool to 
-78°C and add 6-(2.4-dimethoxybenzyl>4-methyl-6,7-dihydrD-6H-[1.4]diazepino[6,7,l- 
Ai]indol-3-one (5.95 g, 16.97 mmol). Stir for 30 minutes, quench with methyl iodide (6.5 
g, 23.1 Domol), and gently warn to room temperature. Quench with saturated aqueous 
sodium bicarbonate, extract with ethyl acetate, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatogr^hy to provide the desired compound (0.844 
g, 75 %). 

'H-NMR(400 MHz, DAiSO-ds): 87.51 (d, IH), 7.48 (dd, IH). 6.95 - 6.82 (m, 3H). 6.5 - 
6.35 (m, 3H). 4.85 (bs, 2H). 4.55 (bs, 2H). 3.65 (s. 3H). 3.64 (s, 3H), 1.83 (s, 6H). 
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ReductifMi 

Add botane (IMin tetrahydrofuran. excess) to a solution of 6-(2.4-dimethoxy- 
b«aizylM,4Mlm»ethyl-6J-dihydrD-6fl^.I1.4]diazepm^ 

tetrahydrofuran (60 ml). Reflax for 30 hours and dOutewidi ethyl acetate. Quench with 
satutated aqueous sodium bicarbonate. Extract with ethyl acetate and concentrate under 

reduced pressure. Subject the residue to silica gel chromatography to provide the title 
compound. 

»H-NMR(400 MHz. DMSO^): 87.49 (d. 1^. 7.35 (d. IH). 7.29 (d, IH). 7.0(dd. IH) 
6.9 (d, IH). 6.9 (d, IH). 6.57 (d. IH^, 6.48 - 6.44 (m. 2H). 

Preparation 156 

Alternate Synthesis of 2-(imida2ori.2-a]pyridin-3-yl)acetamide 
Etfavl 4.4-diitiftthnT Y-but-2-enoate 

Dissolve dimethoxyacetaldehyde (97g, 0.635 mol. 60% in water) and 
triethylphosphonoacetate (142 g. 0.633 mmol) in 7:1 tetrahydrofuran:waler. Add 
potassium carbonate (lOOg. 0.723 mole) and stir for 4 hours at room temperature. Pour 
the reaction into ethyl acetate (500 ml) and wash with saturated aqueous sodium 
bicarbonate and saturated aqueous sodium chloride. Concentnrte under reduced pressure 
to provide the desired compound as a clear oil. 

'H-NMR(400 MHz. DMSO-d.): 5 6.6 (dd, IH). 6.1 (d. IH). 4.95 (dd. IH). 4.13 (q. 2H) 
1.2(t,3H). 

gthvl 2-(imida7ori ■2-fl1pv ndin-3-vl> «p.pj^f » 

Add ethyl 4.4.dimethoxybut-2^oate (2.0g. 11.48 mmol) and E-toluenesulfonic 
add (catalytic) to 4:1 acetonitrilerwater. Reflux for 1 hour and add 2-aminopyridine (1.08 
g. 11.48 mmol). Reflux for Ihour, dilute with ethyl acetate, and wash saturated aqueous 

sodiumbicarbonatefollowedbysaturatedaqueoussodiumchloride. Concentrate under 
reduced pressure to provide the desired compound as a brown oU. 

'H-NMR(400 MHz. DMSO-d*): 8 8.3 (m. IH). 7.53 (m. IH). 7.46 (s. IH). 6.9 (m. IH). 
6.42 (m. IH), 4.1 (q. J = 7Hz. 2H), 1.15 (t. J = 7Hz, 3H) 
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Amirfp. fonaation 

Bubble ammonia through a solution of ethyl 2-(imidazo[l,2-a]pyridin-3-yl)acetate 
(10.0 g, 48.96 mmol) in methanol (30 ml) at 0»C. Heat the reaction mixture in a sealed 
tube at lOO-C for 2 hours. Concentrate the reaction mixture under reduced pressure. Add 
ethyl acetate to the readue to provide (he titie compound as a white soUd. 
ESMS: m/z= 176.1 (M*+l) 



Beginning with the appropriately substituted aminopyridine, aminopyrimidine. 
aminopyiazine. or aminopyridazine, tiie compounds of Preparations 157 to 171 may be 
prepared essentially as described in Preparation 156. 



Preparatio 

n 
u 


Compound 


Data 


157 


2-f6-flU0rounidazori 2-n1nvrifNn ^ v1\a/<a*a'nni<lA 


MS(ES): m/z = 194.0 


158 


2-(6-trifluoroinethylimidazo[l ,2-a]pyridin-3- 
yl)acetainide 


MSCES): m/z = 244 1 

ovr+1) 


159 


2-(8-cyanoinudazo[l,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 201.1 
(M^+1) 


160 


2Kimidazo[l,2-a]pyrazin-3-yl)acetainide 


MS(ES):ni/z= 177.0 
(M++1) 


161 


2-(N-|J^-butoxycaAonyl]-8-aminoimida2o[l ,2- 
a]pyridin-3-yl)acetaimde 


MS(ES): m/z = 235.0 
(M*+l) 


162 


2-(iiBidazo[l ;2-b]pyridazm-3-yl)acetaiiiide 


MS(ES):m/z= 177.0 
(M*+l) 


163 


2K6-me%limda2o[l^b]pyridazm-3-yl)acetaimd^ 


MS(ES):m/z= 190.9 
(M*+l) 


164 


2-(7-methoxyiimdazo[l,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 206 
CM*+1) 


165 


2"(6~methoxyiimdazo[l ,2-a]pyridin-3-yI)acetainide 


MSOES): m/z = 206 

(\r*"+i) 


166 


2-(7-methjtomdaz;o[l^a]pyridin-3-yl)acetaim^ 


MSCES): m/z = 204 
Of*^+l) 


167 


2-(6-cWoraiimdaz»[i;2-a]pyridin-3-yl)acetamide 

- 


MS(ES): m/z = 210 
(M^+1) 


168 


2-(iinidazo( 1 .2-c]pyrimidin-3-yl)acetamide ; 

^ 1 


N4S(ES):m/z= 177 
CM*+1) 


169 


^-I0-isopropylimidazo[l ^a]pyridin-3-yl)acetainide 




170 : 


2-(imidazoIl ,2-a]pyriinidin-3-yl)acetamide 




171 : 


^(7-aminoimida2o[l,2-a]pyriimdin-3-yl)acetanu 
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Preparaticm 172 
6-FluoroindoIe-7-caiboxaldehyde 

2,3-dihvdn>-6-fluoit)mdole 

Add sodium cyanoborohydride (5.57 g, 88.78 mmol) to a solution of 6-nuoro- 
indole (10 g, 73.99 mmol) in acetic acid (100 ml). Stir at room temperature for 30 
minutes. Pour the reaction mixture into 5N sodium hydroxide and extract with ethyl 
acetate. Wash the combined organic phases with saturated aqueous sodium bicarbonate 
followed by saturated aqueous sodium chloride, Concmtrated under reduced pressure and 
subject the residue to silica gel chromatography to provide the desired compound as a 
colorless oil (7.69g, 76%). 
MS^): m/z = 138.1 (M^+1) 

l-(tert-butoxvcarbonvlV23-dihvdn>-6-fluoroindo1e 

Add di-^-butyl dicarbonate (12.35 g, 56.62 mmol) to a solution of 2,3-dihydro- 
6-fluoroindole (7.67 g. 56.06 mmol) in tetrahydrofiiran (100 ml) and stir at room 
temperature over night. Concentrate the reaction mixture under reduced pressure to 
provide the desired compound as a white solid (13.2 g, 55.6 mmol). 
^H-NMR(400 MHz, DMSO-dg): 57.4 (bs, IH), 7.15 (dd, IH), 6.7 (m. IH). 3.92 (t, 2H). 
3.0 (t,2H), 1.45 (s,9H). 

2,3-dihvdro-6-fluoroindole-7H:aifaoxaldehvde 

Add tert-butyllithium (21.13 ml, 35.93 mmol, 1.7 M solution in heptane) to a 
solution of l-(t^-butoxycarbonyl)-23-dihydro-6-fluon)indole (3.28g, 13.82 mmol) in 
anhydrous tetrahydrofiiran (100 ml) at -78 C. Stir for 20 minutes, quench with excess 
dimethylfoimamide, and stir for 1 hour at -78 C. Warm to room temperature, add 
saturated aqueous ammonium chloride, and extract with ethyl acetate. Concentrate the 
combined organic phases under reduced pressure and subject the residue to silica gel 
chromatography to provide the desired compound as a brigjht yellow solid (0.91g, 42%). 
^H-NMR(400 MHz, DMSO-d*): SlO.l (s. IH), 7.1 (dd, IH), 6.15 (m, IH), 3.75 (t, 2H), 
2.98 (t, 2H) (dd, IH), 6.7 (m, IH). 3.92 (t, 2H), 3.0 (t, 2H), 1.45 (s, 9H). 
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Oxidation 

Add manganeseOTV) oxide (3.0 grains) to a solution of 2,3-dihydn)-6-fluoroiiidole- 
7-caiboxald^yde (350 mg, 2,11 nunol) in dichloroinetfaane and leflux for 2 hours. Cool 
to room temperatuie and filter throug^i celite. Concentrate the filtrate under reduced 
5 pressure to provide the title compound as an off-white soUd (240 mg, 68 %). 

^H-NMR(400 MHz, DMSO-d6): 59.7 (s. IH), 7.1 (dd. IH), 6.55 (d, IH), 6.15 (m, IH), 
5.75 (s, IH). 



Preparation 173 

10 3-(6J-dihydio-6H-[l,4]diazepino[6.7a-hi]indol-l-ylHKimidazo[I>a]p 

dioxopyirole 

Add pyridine hydrochloride (1 g, 8.36) to a test tube containing 3-(6-(2,4- 
dimethoxybenzyl)-6J-dihydro-6H-[l,4]diazepino[6J4-W]indol-l-yl)-4-(im 
pyridin-3-yl>.2,5-dioxopyrrole (0.25 g, 0.445 mmol). Heat at ISO'^C for 1 hour. Pour into 
15 water, add solid sodium bicarbonate, and extract into ethyl acetate. Concentrate under 
reduced pressure subject the residue to sihca gel chromatography to provide the title 
compound (0.143 g, 0.347 mmol). 

Preparation 174 

2 0 2-amino-3-fluoropyridine trifluoroacetate 

Lithium 3-fluoropvridine-2-carboxvlate 

Add n-butyllithium (1.6 M in hexane, 200 mL) to a mixture of diethyl ether (l.S 
L) and l,4-diazabicycIo[2.2.2]octane (34.26 g, 305 mmol) at -78 ^'C under nitro^n. Add 
a solution of 3-fluoropyridine (29.6 g, 305 mmol) in diethyl ether (150 mL) dropwise over 

25 30 minutes. Warm the reaction to -70 to -68 **C and stir for 45 minutes. Bubble dry 
caifaon dioxide gas into the mixture for -1 hour then warm to room temperature. Filter 
the suspension, wash the solid with dieth^ ether, and dry under reduced pressure at 40^C 
over night to provide the desired compound (43.3 g) as a white solid. 
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N-rteit-butoxvcarbonvn-2-nTnin»-'^-fi» oropvridine 

Combine lithium 3-fluoiDpyridme-2-carboxylate (1 g. 6.88 mmol), diphenylphos- 
phorylazide (3.72 mL, 17.5 mmol). and 2-methyl-2-propanol (3.72 mL). Heat at reflux 
for 3 hours. Cool and concentrate under reduced pressure. Subject the residue to silica 
5 gel chromatography to provide the desired compound (0.714 g) as a white solid. 

Deorotection 

Stir a mixture of N-[tCTt-butoxycarbQnyl]-2-amino-3-fluQtDpyridine (0.714 g) and 
trifluoroacetic acid (7 mL) for 30 minutes. Concentrate under reduced pressure and dry 
10 the residue at 40 »C under reduced pressure to provide the lifle compound as an off-white 

solid. 

'H-NMRCDMSO-dfi): 57.80-7.75 (m, 2H), 6.78^.73 (m, IH). 



15 



20 



Pcq>aration 17S 

l-methyl-3-((4-(tCTt-butoxycaibonyl)piperazin-l-yl)caibonyl)imidazol-l-ium iodide 
3-f(4-ftert-butoxvcarbonvnpipBra zm-l-vncarhnn vlMmida7.olft 

Add N-[tert-butoxycarbonyl]piperazine (1.14 g. 6.15 mmol) in dichloromethane 
(15 ml) to a solution of NJ^'-caibonyldiimidazole (1.0 g. 6.15 mmol) in dichloromethane 
(10 ml) and stir at room temperature for 48 hours. Concentrate under reduced pressure 
and subject the residue to silica gel chromatography, eluting with ethyl acetate to provide 
d» title compound (1.35 g, 78%) as a white solid. 
HRMS: m/2 = 281.1606 (KT+l) 

Alleviation 

2 5 Add iodmnethane (1.2 ml, 18.5 mmol) to a solution of 3-((4-(tert- 

butoxycarbonyl).pipetazin-l-yl)caibonyl)imidazole (1.3 g, 4.6 mmol) in acetonitrile (25 
ml) and stir at room temperature for 72 hours. Concentrate under reduced pressure, rinse 
residue with hexane, dry under reduced pressure to provide the title compound (1.84 g, 
93%) as a white solid. 

30 'H.NMR(DMSO.dfi): 59.53 (s. IH), 7.99 (dd. lH).7.84(dd. IH). 3.89 (s. 3H). 3.48 (m. 
4H), 3.45 (m, 4H), 1,40 (s, 9H). 
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Preparation 176 
7-inethyl-6-<>xa-4,5-dihydro-3-azabenzo[cd]azulene 




l-findol-7-vl>ethan-lK)l 
5 Add 7-fonnylindole (1.0 g, 6.89 mmol) in anhydrous tetrahydrofuran (15 ml) 

dropwise to a solution of 1.4M methyllithium in diethyl ether (12.2 ml, 17.1 mmol) at 
-78^C. After 15 minutes add saturated aqueous sodium bicarbonate (15 ml). Dilute with 
1:1 ethyl acetateidiethyl ether, wash with saturated aqueous sodiimi bicarbonate followed 
by saturated aqueous sodimn chloride, dry over magnesiimi sulfate, and concentrate under 
1 0 reduced pressure to provide desired compound (1 .05 g, 94%) as a white solid. 
MS(ES): m/z = 160.4 (NT-l) 

7-fl-(tert-butvldimetfavlsilvloxvteth-l-vlMndole 

Add tert-butvldimethvlsilyl chlonde (16.4 g, 108 mmol) in anhydrous tetrahydro- 

15 furan (100 ml) to l-(indol-7-yl)ethan-l-ol (10.7 g, 66.4 mmol) and imidazole (11.8 g, 173 
mmol) in anhydrous tetrahydrofuran (100 ml). Stir at 20°C for 2 hours. DQutewlth 
hexanes (400 ml). Wash with 0.2S M aqueous sodium bicaxbonate followed by saturated 
aqueous sodium chloride. Dry over magnesium sulfate and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with hexane containing 

2 0 10-25% ethyl acetate to provide the desited compound (16 g, 87%) as a colorless oil. 
HRMS: m/z = 275.1701 (M*) 

l'f2-ftert-butvldimethvlsilvloxv^th~l-vlV7-(l'(tert-butyldimethvlsilvloxvl^ 

Add sodium hydride (2.75 g, 24 mmol, 35% in mineral oil) to l-^tert-butvldi~ 
25 methylsilyloxy)eth-l-yl)indole (5.5 g, 20 mmol) in NJ^-dimethylfonnamide (50 ml) and 
stir for 15 minutes at 20°C. Add (2~bromoethoxvVtert"butyldimethylsilane and stir at 
20®C for 4 hours. Dilute with hexanes. Wash with 0.25 M aqueous sodium bicarbonate 
followed by saturated aqueous sodium chloride. Dry over magnesium sul&te and 
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concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with hexane containing 30% efliyl acetate to provide the desired compound (8.0 g, 
89%) as a colorless oil. 
MS(ES): m/z = 433.36 (M^ 

5 

RingFoimation 

Add a mixtuie of tetrahydiofuran (100 ml) and IM hydrochloric add (100 ml) to a 
sturing solution of l-(2-(tCTt-butyldimethylsilyloxy)eth-l-yl)-7-(l-(tert-^^ 
silyloxy)eth-l-yl)indole (8.0 g, 17.9 mmol) in tetrahydrofuran (150 ml) at 15°C. Stir at 

10 20^C for 3 hours. Add 37% aqueous ammonia and solid sodium chloride. Separate the 
layers and extract the aqueous layer with ethyl acetate. Combine all organic phases, dry 
over magnesium sulfate and concentrate under reduced pressure. Subject the lesidue to 
silica gel chromatogrq>hy, eluting with hexane containing 10-50% ethyl acetate to 
provide the title compound (0.65 g, 19%) as an oil. 

15 HRMS: m/z = 188.1078 (M'-^H) 

Preparation 177 
2-amino-5-methoxypyridine 
Add 2-ainino-5-bromopyridine (5.0 g, 29 nmiol) to a freshly prepared solution of 
2 0 sodium methoxide (1.3 g, 58 nmiol) in methanol (50 mL) and then add copper powdw 
(1.8 g, 2.9 mmol). Heat and stir the mixture in a sealed tube at 160 °C for 3 days. Cool, 
filter through celite and concentrate under reduced pressure. Dissolve the residue in 
dichloromethane, then wash with water and saturated aqueous sodium chloride. Dry over 
magnesium sulfate, concentrate under reduced pressure, and subject the residue to silica 
2 5 gel chromatography, eluting with hexane/ethyl acetate; 3: 1 to 0:1 to provide the title 
compoitnd(1.5 g). 
MS(ES): m/z = 125 (M*+H). 
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Preparation 178 
2-(6-ethyliniidazo[l,2-a]pyridin-3-yl)acetamide 
Ethvl2-r6-viP YliTTiiHa7n pvridinri,2-a1p\ddin-3-vnacetate 

Bubble nitrogeii into a mixture of ethyl 2-(6-broiiK)iniida2o[l,2-£i]pyridin-3-yl)- 
5 acetate (2.0 g, 7.0 nunol), vinyltributyltin (3.3 g, 11 mmol) and tetrakis(triphenyl- 

phosphine) Pd (0) (0.2S mg) in a lesealable tube in toluene for 3 minutes. Heat and stir at 
110**C for 16 hours. Cool and concentrate under reduced pressure. Subject the residue to 
silica gel chromatography* eluting with hexane/ethyl acetate; 1:1 to 0:1 provide the 
desired compound (0.90 g, 55%). 
10 MS(ES): m/z = 231(M^+H). 

Btfavl 2-('6-p thYlimi'dfl zopYridinri.2-alpvridin-3-vDacetate 

Hydrogenate a mixture of ethyl 2-(6-vinylimidazo[l ;2-^»]pyridin-3-yl)acetate (0.89 
g, 3.9 mmol) and 5 % palladium on active carbon (80 mg) in ethyl acetate (50 mL) at 
15 ambient temperature and 1 atmosphere for 16 hours. Filter and concentrate the filtrate 
under reduced pressure to provide 0.80 g of the desired compound. 
MS(ES): m/2 = 233 (M'+H). 

Ainirfft fnrmatinn 

2 0 Heat ethyl 2-(6-ethylimidazo[l,2-a]pyridin-3-yl)acetate (0.8 g) in 7.0 N ammonia 

in methanol in a sealed tube at 95 for 16 hours. Ck)ol and concentrate under reduced 
pressure. Recrystallize the residue from methanol and diethyl ether to provide the title 
compound (0.25 g, 35%). 
MS(ES): m/z = 204(M^+H). 

25 

Preparation 179 
2-amino-5-isopropylpyridine 
N-rbenzvn-2-amino-5-isopropvlpvridine 

Dissolve 2-chloro-5-isopropylpyridine (5g, 0.032 mol), benzylamine (6.8g, 0.064 

3 0 mol), Biphenyl-2-yl-dicyclohexyl-phosphine (0.46g, 1.3 nmiol), Pd(OAc)2 (0.14g, 0.64 

mmoI)» and sodium t^-butoxide (4.3g, 0.045 mol) in 60 mL of toluene. Deoxygenate 
three times. Heat at 100 for 18 hours. Cool and concentrate under reduced pressure. 
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Subject the residue to silica gel chromatography, elating with 1:1 hexanesiethyl acetate to 
provide 5.5g of the desiied compound. 

PebenziYlfflgH 

5 Stir N-(benzyl]-2-ainino-5-isopropylpyridine (5g. 0.022 mol) and 95% sulfuric 

acid at room tempetatuie for 18 hours. Pour into ice. make basic with 15% aqueous 
sodium hydroxice. and extract with dichloromethane (3x100 mL). Qmcentiate combined 
organic phases under reduced pressure to provide 2.5 g of the title compound 

Preparation 180 

5,6-dihydropyrrolo[3.2,l-ij]quinolin-6-one 
1.2.5.6-tetrahvdr opvrrolor3.2a-ii1cminolin-fi-nnft 

Add trifluoromeflianesulfonic anhydride (10.5 mL. 63 mmol) in dichloroethane 
(30 mL) to iV.Ar-dimethyIaciylamide (6.4 mL. 63 mmol) in dichloroethane (100 mL) at 

15 O'C dropwise with vigorous stirring over 5 minutes. Add indoline (5.6 mL, 50 mmol) in 
dichloroethane (30 mL) dropwise over 5 minutes. Remove from cooling bath and heat at 
reflux for 3.5 hours. Cool to room temperature. Dilute with diethyl ether (600 mL). 
Wash with aqueous potassium carbonate (400 mL). dilute aqueous sodium bicarbonate (2 
X 300 mL) and saturated aqueous sodium chloride (300 mL). Dry over sodium sulfate 

20 and concentrate under reduced pressure. Subject the residue to chromatography (pre- 
packed siUca gel), eluting with 19:1 dichloromethane/ethyl acetate to provide the desired 
con:4)Ound (2.65 g. 31 %). 



25 



Oxidation 

Add DDQ (5.9 g. 26.0 mmol) to l,2.5.6-tetrahydropym>lo[3,2.1-ij]quinolin-6-one 
(1.8 g. 10.4 mmol) in dioxane (40 mL) and stir at room temperature for 3 hours. Partition 
the reaction mixture between ethyl acetate (200 mL) and IN sodium hydroxide (100 mL) 
with ice. Wash the organic phase with water (100 mL) and saturated aqueous sodium 
chloride. Dry over sodium sulfate and concentrate under reduced pressure. Subject the 
30 residue to chromatography, eluting with ethyl acetate/hexanes (1:1) to provide the tifle 
compound (460 mg. 25.8 %) as a pale yellow solid. 
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Preparation 181 

6-methyl-4,5-dihydn>€H-[l,4]diazepinot6 J4-hi]indol-7-^ and 7-methyl-4,5-dihydro- 

7H-[l,4]diazepmo[3,2,l-hi]indol-6-one 
1^.4^>tetrahvdK>-6H-ri.41diazemnor6.7.1-MTin ^ and 1^.4^->tetrahvdrD-7H~ 

5 ri,41diazepinor3.2,l-hnindol-6-one 

Add l,2,5,6-tetrahydKipynolo[3,2a4j]quinolin-6-one (15.49 g, 89.43 mmol) to 
polyphosphoric acid (512 g) at 67-70 °C and stir vigoionsly. Add three portions of 
sodium azide (2.43 g (37.4 mmol), 2.42 g (37.2 mmol) and 2.42 g (37.2 mmol)) at 20 
minute intervals then heat to 90°C and stir for 3.5 hours. Pour into ice (511.6 g). Add, 

1 0 with cooling, 50 % aqueous sodium hydroxide (500 mL) 40 minutes. Extract with 

chlorofomi (3 x 500 mL). Wash the combined organic phases with water (500 mL) and 
saturated aqueous sodium chloride (500 mL). Dry over sodium sulfate and concentrate 
under reduced pressure. Subject the residue to chromatography (pre-packed silica gel), 
eluting with a gradient: 98:2-97:3-96:4 chloroform/methanol to provide 1,2,4,5- 

15 tetrahydTO~7H-[l,4]diazepino[3,2,l-hi]indol-6-one (2.95 g, 18 %) and 1,2.4,5-tetrahydro- 
6H-[1.4]diazepino[6,7,l-hi]indol-7-one (11.51 g, 68 %) as beige solids. 

6>methvl-1.2,4.5-tetrahvdro-6H-ri,41dia2epinor6.7.1-hi1indol-7-one 

Add sodium hydride (0.78 g, 1.9 mmol, 60% in mineral oil) to 1,2,4,5-tetrahydro- 

2 0 6H-[l,4]diazepino[6,7,l-hi]indol-7-one (3.05 g, 1.62 mmol) in dry dimethylformamide 
(77 mL). Stir for 30 minutes at room temperature and then add iodomethane (2.0 mL, 3.2 
mmol). Stir at room temperature for 134 minutes. Partition between ethyl acetate (1 L) 
and water (500 mL). Wash the organic phase with saturated aqueous sodium chloride, dry 
over sodium sulfate, and concratrate under reduced pressure. Subject the residue to 

25 chromatography (pre-packed silica gel), elutmg with a gradient: 1:0-9:1 ethyl 

acetate/methanol to provide the desired compound (2.42 g, 74 %) as an off-white solid. 

Oxidation 

Add DDQ (2.29 g, 1.01 mmol) to 6-methyl-l,2,4,5-tetrahydro-6/f- 
3 0 [l,4]diazepino[6,7,l-/a]indol-7-one (2.04 g, 1.01 mmol) in dioxane (19 mL) at 1 1°C. 
Stir at room temperature for 3 hours and 51 minutes. Partition between ethyl acetate 
(1000 mL) and 2N aqueous sodium hydroxide (500 mL) with ice. Wash the organic phase 
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with water (500 mL) and saturated aqueous sodium chloride (500 mL). Dry over sodium 

sulfate and concentrate under reduced pressure. Subject the residue to silica gel 

chromatography (pre-packed silica gel), eluting with ethyl acetate to provide 6-methyl-. 

4,5-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-7-one (1.67 g, 84.7 %) as an off-white 
solid. 

Begiiming with 1 A4,5-tetrahydro-7H-[l,4]diazepino[3,2,l-hi]indol-6-one, 7- 
methyl-4,5-dihydix>-7H-[l,4]diazepino[3,2,l-hi]indol-6-one may be prepared essentially 
as described above. 

The compounds of Pteparations 182 -183 may be prepared essentially as 



described in Ptepaiation 181. 



Preparatio 
n 


Compound 


Data 


182 


6-((2-(dimethjdamino)eth-l-yl)-4,5-dihydro-6H- 
[ 1 ,4]diazepino[6,7, l-hi]indol-7-one 




183 


6-((2-(hydroxy)eth-l-yl)-4,5-dihydr(>6H- 
[1 ,4]diazepino [6,7 , 1 -hi]indol-7-one 





The compounds of Examples 1-63 may be prepared essentially as described in 
Preparation 137. 



Exan^Ie 


Compound 


Data 


1 


3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l- 
yl)-4-(l-methyl-lH-inciol^yl>24-dioxo-2^- 
dihydropyrrole hydrochlonde 


MS(ES):m/z = 431.0 
CM--1) 


2 


3-(6-(t«t-butoxycart)onyl)-5,6-dihydro-6H-[l,4]di- 

azepino[6,7,l-hi]indol-l-yl)-(4-(l-<3-hydtoxyprop-l- 

yl)-lH-indol-4-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 541.3 
(M*+l) 


3 


3-(5,6-dihydro-4H-pynolo[3;2,l-ij]quinolin-l-yi)-4- 

(l-(3-hydroxyprop-l-yl)-lH-indol-4-yl)-2^- 

dioxopynole 


MS(ES): m/z = 426.1 
CM*+1) 


4 


3-(8-tnt-batoxycaib(myl-[l^]diazopeihydioonino- 

[8,9,l-hi]indol-l-yl)-4-(benzofur-7-yl>-2,5- 

dioxopymjle 


MSCES): m/z = 512.2 
(NT+l) 


5 


3<6-(tCTt-butoxycatbonyl)-6,7-dihydto-6H-[l ,4]dl aze- 
pino[6ja-W]indol-l-yl)-4-(4-iiiethoxybeiizofur-7-yl)- 
2,5-dioxopym)le 


MS(ES): m/z = 514.1 


6 


3<5,6-dihydio-4H-pynx)lo[3^,l-ij]qiiinolin-l-yl)-4- 
(ben2ofur-7-yl>2.5-dioxopyrrole 


MS(ES): m/z = 369.1 
(M*+l) 


7 


3-(6-methanesulfonyl-5,6-dihydro-[l,4]diazepino- 

[6.7,l-hi]mdol-7-ylH-(benzQftir-7-yl)-2,5- 

dioxopycrole 


MS(ES): m/z = 462.09 
(M*+l) 
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8 


3-(6-(tert-bmoxycailMDnyl>5,6-^ydn>-6H-[l,4]*^ 

azepmo[6J4-W]indol-l-ylH4-(5.iiiethox545enzofto^ 

7-yl)-2,5-dioxopyixole 


MS^): m/2 = 514.1 
(M*+l) 


9 


3-(8-tCTt-butoxycarbonyl-[l,5]dia2opeihydrooiimo- 

[8,9a-hi]mdol-l-yl>4-(5-methoxyb^ofur-7--yl)-2,5- 
dioxopycrole 


MS(ES): m/z = 542 1 
(M*+l) 


10 


3-(8-tst-butoxycaibonyl-[1.5]diazopeiIiydroonino- 

[8,9J-W]indoI-l-ylH-(4.methoxyben2»fur-7-yl)-2,5. 
dioxopyrrole 


MS(ES): m/z = 542.1 
(M*+l) 


11 


3K6jKiihydro-€H.[l,4]diazepino-[6.7,l-hi]mdol-l- 
ylH-(5 fluorobeiizofijr-4-yl)-2,5-dioxopyiiole 
hydrochloride 


MS(ES): m/z = 401,9 
(M*+l) 


12 


3-([l,5]diazoperhydroonmo[8,9,l-hi]mdol-l-yl>4. 
(isoquinolin-5-yl)-2.5-dioxopyrrole hydiochloride 


MS(ES): m/z = 401.9 


13 


3-(8-tot-butx)xycarbonyl-[l ^]diazopertiydrocamio- 

(8,9,l-hi]iiidol-l-yl)-4-(benzofur-4-yl).2,5- 

dioxopynole 


MS(ES): m/z = 512.1 
(M'+l) 


14 


3-(6-(tert-butoxycaAonyl>5,6-dihydro-6H-[l,4]diaze- 

pino[6,74-hi]indol-l-yl)-(4-(5-fluoiobenzofur-7-yl)- 

2,5-dioxopyiTole 


MS(ES): m/z = 502.1 
(^f*+l) 


15 


3-(8-tet-butoxycarbonyl~[l,5]diaz6perhydioonino- 
[8,9a-hi]indol-l-yl)-4-(5-fluon)ben2ofur-7-yl>.2,5- 
dioxopyrrole 


MS(ES): m/z = 528.7 
(M--1) 


16 


3-(5,6-Dihydn)-4H-pym)lo[3,2J-y]qiiinolin-l-yl)-4- 
(iimda2o[l^-a]pyridin-3-yl)-2.5-dioxopyn:ole 


MS(ES): m/z = 369.2 

(]vr+i) 


17 


3-(5,6-Dihydro-4H-pym)lo[3;24-ij]-quinolin-l-yl)-4- 

5midazo[l^a]pyridin-5-yl)-2,5-dioxopym)le 

hydrochloride 


MS(ES): m/z = 369.1 
(M*+l) 


18 


3-(5-oxo-6-pn)pyl-5,6-dihydro-[l,4]diazepino[6,7.1- 
hi]indol-7-yl) 3-.(benzofur-7-yl)-2,5-dioxopym)le 


MS(ES): m/z = 440.2 
(M*^+l) • 


19 


3-([l,5]diazopeihydroonino[8,9,l-hi]indoH-yl)-4-(5- 

fluoro-4-methoxybeiizofur-7-yl)-2,5-dioxopyrroIe 

hydrochloride 


MS(ES):m/z = 460 
(M*+l) 


20 


3-([l,5]diazopeihydroonino[8,9,l-hi]indol-l-yl)-4- 

[4,5-difluorobenzofiir-7-yl>-2,5-dioxopym)le 

hydrochloride 


MS(ES):m/i = 448.2 


1 


3-([l,5]diazoperhydrooiuiio[8,9,l-hi]indol-l-yl)-4-(4- 
auoroben2ofur-7-yl)-2,5-.dioxopvrrole hydrochloride 


MSCES): m/z = 430.2 
[M*+l) 


22 

( 
1 


3-([l,5]diazoperiiydrooiiino[8,9,l-hi]indol-l-yl)-4. ] 

;5,6-difluoiTobenzofur-7-yl)-2,5-dioxopym)le 
lydrochloride 


VIS(ES): m/z = 448.2 
7^+1) 


23 : 


J-(5.6-Dihydn>4H-pynDlo[3^a-ij]-quinolin-l-yl)-4. 

'6-fluorobenzofiir-7-yl)-2,5^oxopyrrole 

lydrochloride 


V[S(ES): m/z = 402.1 
M*+l) 


24 


^-([l,5]diazoperhydroonino[8,9,l-hi]indol-l-yl)-4-(6- 
luorobeiizofur-7-yl)-2.5-dioxopyiTolehvdit>chloride \( 


^(ES): m/z = 430.2 
M^+1) 
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25 


3K6-(iea-butoxycarbonyl>5,6,7,8-tetrahydro-6H- 

[l,4]diazocino[7,8,l-hi]iiidol-l-yl)-4-0Paro[3^- 

c]pyridin-7-yl)-2,5-dioxopyrrole 


MS{ES):in/2 = 499.2 


26 


3-(4,5,6J-tetrahydroazepino[3Al-hi]indol-l-yl)-4- 

(furo[3,2-c]p>Tidin-7-yl)-2^-dioxopyrrole 

hydrochloride 


MS^):ib/z = 384.1 


27 


3-(6-(teit-butoxycarbonyl)-6,7-dihydn)-6H- 

[1 ,41diazepino[6,7,l-hi]indol-l-yl)-4-(brazofur-4-yl)- 

2,5-dioxopyrrole 


HRMS: 484.1856 
(M+H) 


28 


3-{6-(tejrt-butoxycarbonyl)-6J-dihydro-6H-[l,4]diaze- 

pmo[6J4-W]mdol-l-yl)-4-(benzo[l,3]dioxol-5-yl)- 

2,5-dioxopyrrole 


HRMS: 488.1813 


29 


3-(6-(tot-butoxycarbonyl)-6,7-dihydn>-6H-[l,4]di- 

azepino[6,7,l-hi]indoH-yl)-4-(23-dihydrobenzo- 

[l,4]dioxin-6-yl)-2,5-dioxopyrrole 


HRMS: 502.1960 
(M+H) 


30 


3-(6KtoS-butoxycarbonyl>6,7-dihydio-6H- 

[l,4]diazepino[6J4-hi]mdol-l-yl>4-<benzothien^ 

yl>-2,5H3ioxopyiiole 


HRMS: 500.1634 
(M+H) 


31 


3-(6-(tot-butoxycarbonyI)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]mdol-l-yl)-4-(2,3- 

dihydrobenzofar-7-yl)-2,5-dioxopyrroIe 


HRMS: 486.2051 
(M+H) 


32 


3-(6-(tert-butoxycarbonyl>5.6-dihydro-6H-[l,4]diaze- 
pino[6,7, l-hi]indol-l-yl)-4-(2,3-dihydiobenzofiir-4- 
yl)-2,5-dioxopyrrole 


MS(ES):ni/z = 486.1 


33 


3-(8-tert-butoxycarbonyl)-[ 1 ,5]diazoperhyd[roonino- 
[8,9,l-hi]indol-l-yl)^(benzo[l,3]dioxol-4-yl)-2.5- 
dioxopyrrole 


HRMS- ^"^R 1940 
(M+Na) 


34 


3-(8-tMt.butoxycarbonyl)-[l,5]diazopethydiDonino- 

[8,9,l-W]indol-l-yl)-4-(23Kiihydrobenzofur-7-yl)- 

2,5-dioxopycriole 


HRMS: 514.2341 
(M+H) 


35 


3-(9-methyl-6-(tot-butoxycarbonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indoH-yl)-4-(benzofur-7-yl)- 
2,5-dioxopyiiole 


MS(ES):in/z = 496.3 
(M*^-l) 


36 


3-(5,6-Dihydro-4H-pyrrolo[3^,l-ij]quinolin-l-yl>4- 
(4-methoxybenzofur-7-yl)-2,5-dioxopyrrole 


HRMS: 399.1355 
(M+H) 


37 


3-(5,6-Dihydro-4H-pyrrolo[3^4-ij]quinolm-l-yl>4- 
(5-methoxyben2ofur-7-yl)-2,5-dioxopyrrole 


HRMS: 399.1347 
(M+H) 


38 


3-(5,6-Dihydn>-4H-pyiTolo[3,24-ij]quinolin-l-yl)^ 
((3-hydroxypropoxy)benzofiir-7-yl)~2,5-dioxopyrrole 


MS(ES):iii/z = 
443.2 (M*+l) 


39 


3-(6-(tert-butoxycart)onyl>6J-dihydro-6H- 

[l,4]diazepino(6,7,l-hi]indol-l-ylH-(6-methoxy- 

beiizofur-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 
514.2 (M*+l) 


40 


3-(6-(tot-butoxycaibDnyl>6,7-dihydro-6H- 

[l,4]diazepmo[6.7,l-hi]mdol-l-ylH-(2,2-difluoro- 

beiizo[l»3]dioxol-4-y]>-2,5-dioxopym>le 


MS(ES): m/z = 
373.6 (M^+l) 
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41 


3-(6-(tot-butoxycaibonyl)-6,7-dihydn>-6H- 
ri.41diazeDinor6 7 l^1iiidDl-l-^')-4-fthfenor'^ 2-h1. 

pyridin-7-yl)-2,5-dioxopyrrole 


MS(ES):iii/z = 


42 


3«(8-tert-butoxvciarbonvn- 1 1 .SldiazoDeihvdroonino- 

[8,9a.hi]mdol-l.ylH-(thieno[3>b]pyridin-7-yl)-2.5- 

dioxopyrrole 


529.2 (NT+l) 


43 


3-(4,5,6J-tetrahydroazepmo[3,2,l-hi]indol-l-yl>4- 
(23-dihydrobenzo[l,4]dioxin-6->4)-2,5-dioxopytrole 


MS(ES):m/z = 
401.1 d^+1) 


44 


3.(4,5,6J-tetrahydrDazepiiio[3^,l-hi]indol-l-yl)-4- 
(battzo[l ,3]dioxol-5-yl)-2,5-dioxopym>le 


MS(ES):ni/z = 
387.2 (M*+l) 


45 


3-(4,5,6,7-teti:ahydroazepino[3;Z,l-hi]indol-l-yl)-4- 
0)en2o[l,3]dioxol-4-yl)-2,5-dioxopyrrole 


MSfESV m/z = 
387.2 (^r+1) 


46 


3-(4,5,6,7-tetrahydn)azepino[3^,l-hi]indol-l-yl)-4- 
(benzofiir-4-yl)-2^-dioxopyrrole 


MS(ES):iii/z = 
383 1 fM^+n 


47 


3-(4,5,6,7-tetrahydroazepino[3;2,l-hi]indo]-l-yl)-4- 
(beii2ofur-7-yl)-2,5-dioxopyrrole 


MS(ES):iii/z = 
383.1 (M*+l) 


48 


3-f4,5,6 7.tetrahYdroazeoiTior3^ l-hilindol-l-vlV-4- 
(l,3-dihydioisobenzofur-5-yl)-2,5-dioxopyrrole 


385.1 dtf*+l) 


49 


3-f6-ftert-butoxvcaifaonylV6.7-dihydm-6H- 
rL41diazepinor6,7,l-hilmdoi-l-Yn-4-fl 3-dihvdro- 
isobenzofur-5-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 
431 ^^f*■+1-^t-Bll^^ 


50 


3- (6-(tert-butoxycarbonyl>-6,7-dihydro-6H- 
ri,41diazeDinor6,7,l-hilindol-l-vlV4-fbenziimdazol- 

4- yl)-2,5-4ioxopyirole 


MS^): m/z = 
482 1 Oiil*+l'i 


51 


3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indoH- 
vl)-4-(pyrazolo F 2,3 -alpvridin-3-yl)-2,5-dioxoDYrrole 

hydrochloride 


MSCES): m/z = 
384 2 fM*+l') 


52 


3-(6-(tCTt-butoxycarbonyl)-6,7-dihydn>-6H-[l,4]di- 
azeDiiior6.7. l-hilindol- 1 -vn~4-(^2 3-dihvdrobenzo- 
[l,4]dioxin-5-yl)-2,5-dioxopyiTole 


HRMS:m/z = 


53 


3-(6-(tot-butoxycarbonyl)-9-fluoro-6,7-dihydrc>-6H- 
r 1 .41 diazeDino [6 7 1 -hilindol- 1 -vl V4-fben7oft!r-7-vn- 
2,5-dioxopynt)le 


MS(ES): m/z = 502.2 


54 


3K6-(tert-butoxycarbonyl)-7-methyl-6,7-dihydro-6H- 
ri .41diazeDino [6.7. 1 -hilindol- l-vlV-4-(l)eTizo- 
[l,3]dioxol-4-yl)-2,5-dioxop>TrDle 


HRMS:in/z = 
502 1983 nvT+fn 

V/ib • X ^ ^XtX~XX y 


55 


3-(5,6,7,8-tetrahydro-6H-[l,4]diazocino[7,8,l-hi]in- 
dol-1 -yl)-4-(4-(dimethyIamino)furo[3,2-c]pyridm-7- 
yl>2,5-dioxopyiTole dUiydrochloride 


MS(ES): m/z = 442.2 
(M*+l) 


56 


3-(7-methyl-6,7-dihydro-6H-[l,4]diazepino[6.7,l- 
hi]indol-l-yl)-4-(fuio[3,2-c]pyridin-7-yl)-2,^ 
dioxopyrrole dihydrocMoride 


MS(ES): m/z = 399.1 
(M*+l) 


57 


3-(6-methanesulfonyl-6,7-dihydro-6H- 
1 ,4]diazepmo[6,7,l-hi]indol-l-yl)-4-(imidazo[l 
b]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS:m/z = 
462.1245 (M+H) 


58 


3-(7-methyl-6-oxa-4,5-dihydro-3-azabeiizo[cd]azulen- 
l-yl)-4-(imidazo[l ;j-a]pyridin-3-yl)-2,5-dioxopym)le 


E]RMS:m/z = 
399.1431 (M4-H) 



wo 03/076442 
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59 


3-(l-oxo-2-methyl-6,7-clihydix>-6H-[l ,4]diazepino- 
[6,7,l-hi]in(lol-l-yl>-4-(pyrazolo[l,5-a]pyridin-3-^)- 

^,j-aioxopyiTDie nyunx^iuunuc 


HRMS:m/z = 
412.1431 (M+H) 


60 


3K6-oxo-7-methyl-6J-dihydK>-7H-[l,5]diazepino- 
r6.7.1-hilindol-l-vn-4-riinidazori^alovridm-3-vn- 
2,5-dioxopyirole hydrochloride 


HRMS: m/z = 
412 1434 fM+H) 


61 


3-(l-oxo-2-(2-hydroxyeth-l-yl)-6,7-dihydio-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl>4-(imidazo[l^- 
a]pyridin-3-yl>-2,5-<lioxopyrrole hydrochloride 


HRMS: m/z = 
442.1509 CM+H) 


62 


3-(l-oxo-2-(2<dimethylaniino)eth-l-yl)-6,7-dihydn)- 
6H-[l,4]diazepino[6,7,l-hi]mdoH-yl)-4- 
(iiDidazo[l,2-a]pyridin-3-yI)-2,5-dioxopyirole 
hydrochloride 


HRMS: m/z = 
469.1993 (M+H) 


63 


3-(6-oxo-5,6-^ydro-4H-pynx)lo[3;2J-ij]quinolin-l- 
yl)-4~(imidazo[l,2-a]pyridin-3-yl>2^-dioxopyrrole 


HRMS: m/z = 
383.1144 (M+H) 



EXAMPLE 64 

3K[l>S]diazopeihydroonmo[8,94-hi]indol-l-yl)-4-(iniidazo[^ 

dioxopynole dihydrochloride 
5 Add ethanetfaiol (LOg, 31.2 mmol) to a flask containing 3-f8-tBrt-biitoxvcarfaonvl- 

[l,S]diazoperhydroonino[8,9J-hi]indol-l-yl)^imidazo[l,2-a]p)^ 
pyrrole (0.95 g, 1.86 mmol). Add 4N HCl in dioxane (10 ml, 40 mmol) to the flask and 
stir for 12 hours. Filter the resulting solid and wash with an appropriate solvent 
(appropriate solvents include ethyl acetate, diethyl ether, and dioxane). Dry the solid 
1 0 under high vacuimi at 4S*'C to give the title compound as a bright orange solid (0.83 g, 
92%). 

MS(ES): m/z = 412.2(Nr+l) 

The hydrochloride salt may be converted to the free base by dissolving the salt in 
methanol, passing the solution throu^ a Varian® BondElut™ SCX column, eluting the 
1 5 column with 2 molar ammonia in methanol and concentrating under reduced pressure. 

Die compounds of EXAMPLES 6S-146 are prepared essentially as described in 



EXAMPLE 64. 



Example 


Compound 


Data 


65 


3- (6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indoH-yl)- 

4- (l-(3-hydroxyprop-l-yl)-lH-indol-4-yl)-2,5- 
dioxopytrole 


*H-NMR* 


66 


3-([l ,5]diazoperhydroonino[8,9, l-hi]indol-l-yl>4- 
(benzofur-7-yl)-2,5-dioxopyrro]e hydrochloride 


MS(ES): m/z = 412.1 
(M^+1) 
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67 


3.f6 7-dihvdro-6H-ri 41diazeDinor6 7 l-hilinrinl-l-vIV 

4-((4-methoxybenzofur-7-yl>-2,5-dioxopyiTole 


ivio^xiO/. m/z — 'f i*f»A 

OvT+l) 


68 


3- f6,7-dihYdn>-6H-rL41diazemnor6 7 l-hilindnl-l-vlV 

4- (benzofiir-7-yl)-2,5-dioxopyiTole hydrochloride 


iTlO^^X-fO^. 111/ A« — JOjmZf 


69 


3- (6,7-dihydio-6H-[l,41diazepmo[6J,l-hilindoH-yl)- 

4- (5-inethoxyben2ofur-7-yl)-2^-dioxopyiiole 
hydrochloride 


MS(ES):m/z = 413.9 


70 


3-f ri ,51diazoT5eriivdrooTiinor8.9. 1 -hilindol-1 -vn-4-f5- 
methoxybenzofur-7-yl)-2,5-dioxopyrrole hydrochloride 


(M*+l) 


71 


3-([l,5]diazopeihydioonino[8,9,l-hi]mdol-l-yl)-4-(4- 
methoxybenzofur-7-yl)-2,5-dioxopyrrole hydrochloride 


MSCES):iii/z = 442.0 
(M*+l) 


72 


3-([l,5]diazoperhydiDonino[8.9,l-hi]indol-l-ylH- 
(benzofur-4-yl)-'2,5-dioxopyn:ole hydrochloride 


MS(ES):m/2 = 412.1 
(M*+l) 


73 


3-(6 7-dihydro-6H-rL41diazeoino-r6 7 1-hilindol-l- 

yl)-4-(4-fluorobenzofur-7-yl)-2,5-dioxopyiiole 

hydrochloride 


(M^+1) 


74 


3-(6,7-dihydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l- 
yl)-4K4,5-difluorobenzofiir-7-yl)-2,5-dioxopyrroIe 


MS(ES):m/z = 420.1 
(Ivr+1) 


75 


3-f n^SldiazoDeifavdrooninorS 9 l-hilindol-l-vn-4-/l- 

(3-hydroxypropyl)-lH-indol"4-yI>-2,5-dioxopynole 

hydrochloride 




76 


3-(6,7-<lihydro-6H-[l,4]diazepmo-I6,7,l-hi]indol-l- 
yl)-4-(4-fIuoro-5-inethoxybenzofur-7-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES):in/z = 432.2 


77 


3-([l,5]diazopeihydroonino[8,9,l-hi]indol~l-yl)-4-(5- 
fluorobenzofiiir-7-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES):iii/z = 430.2 


78 


3-f 6 7-dihvdro-6H-ri 41diazeDmo-r6 7 1-hilindol-l- 
yl)-4-(imidazo[l,2-a]pyridin-3-yl)-2^-dioxopyrrole 
dihydrochloride 


OmT+i) 


79 


3-Cfl 51diazooerhvdrooninor8 Q l-hilindol-l-vlVd-Yl- 
methyl-lH~indol-4-yl>2,5-dioxopyirole hydrochloride 


M^^'^V m/y — 49^ ^ 

(M*+l) 


80 


3-([l,5]diazoperhydroonino[8,9,l-hi]indol-l-yl>4- 

(5,6-difluoioben2ofiir-7-yl)-2,5-dioxopyrrole 

hydrochloride 


MS(ES):ii]/z = 420.2 
(M*+l) 


81 


3- (6,7-dihydro-6H-[l,4]diazepmo[6,7,l-hi]indoM-yl> 

4- (3-fiu:o[3,2-c]pyridin-7-yl>2,5-dioxcq)yTO 
dihydrochloride 


NESCES): m/z = 385.1 
(M*+l) 


82 


3-([l,5]diazoperhydroomno[8,9,l-hi]indol-l-yl>4- 

(furo[3,2-c]pyridin-7-yl)-2,5-dioxopytiole 

dihydrochloride 


MS(ES): m/z = 413.2 
(NT+I) 


83 


3-<[l,7]diazoperhydrooimio[8,9,l-hi]indoH-yl)-4- 

(furo[3^-c]pyridiii-7-yl)-2^-dioxopynole 

dihydrochloride 


MS(ES): m/z = 413.2 
(M*+l) 


84 


3- (6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indoH-yl>- 

4- (benzofur-7-yl)-2,5-dioxopyrrole 


HRMS: 384.1348 
(M+H) 


85 


3- {6,7-dihydro-6H.[l,4]diazepino[6,7,l-hi]indoH-yl> 

4- (ben2ofiir-4-yl)-2,5-dioxopyrrole 


HRMS: 384.1344 
(M+H) 



• 
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86 


;3.CD,/Hlihydro-6H-[l,4]dia2epmo[6,7,l-hi]mdol-l-yl> 
4-(benzo[l,3]dioxol-5-yl)-2,5^oxoDYiiole 


HRMS: 388.1294 
(M+H) 


87 


J-lo,/-diiiydro-6H-[l,4]diazepino[6,7,l-lii]indol-l-yl> 
4-(2,3-dihvdrobenzori,41dioxin-6-ylV2.5-dioxopYn«1e 


HRMS: AQ/lAAAl 
(M+H) 


88 


3- l6J-dihyaro-<)H-il,4JcUazepmo[6,7,l-hi]indol-l-yl). 

4- (beazothien-7-yl)-2.5-dioxoDyrrole 


HRMS: 400.1118 
(M+H) 


89 


^-lo,/-(iiiiydK)-6H-[l,41diazepino[6,7,l-hi]indol-l-yl> 
4-(benzo[1.3]dioxol-4-yl)-2,5-dioxopynole 


HRMS: 388.1298 
(M+H) 


90 


j-io. /-<lihydro-6H-[l ,4]diazepino[6,7,l-hi]indol-l-yl>. 
4-(benzothien-4-yl)-2.5-dioxopym)le 


HRMS: 400.1142 
(M+H) 


91 


3- (6,7^ydro-6H-[l,4]diazepino[6,7,l-hi]mdol-l-yI)- 

4- (2,3-<lihydioben2ofur-7-yl)-2^-dioxopyrrole 


HRMS: 386.1497 
(M+H) 




^•i,o,/Kiinyan>-on-ii,4jdiazepino[6,7,l-hi]mdol-l--yl>- 
4-(23-<iihvdroben2ofur-4-yl>2,5-dioxopynole 


HRMS: 386.1519 
(M+H) 


yo 


3-( [ 1 ^]diazoperhydroonino[8^, l-hi]indol- 1 -yl)-4- 
(benzo[l ,31dioxol-4-yI)-2,5-dioxopym)le 


HRMS: 416.1602 
(M+H) 


OA 


3-([l»5]diazopeihydrcK)iiino[8,9,l-hi]indol-l-yl)-4. 
(2,3-dihydroben2ofur-7-yl)-2,5-dioxopyrrole 


HRMS: 414.1823 
(M+H) 




j-p,o,/,8-teiTanycin>bH-[l,4]dia2»ano[7,8,l-hi]indol- 
l-yl)-4-(benzofiir-7-yl)-2,5-dioxopYrrole 


HRMS: 398.1500 
(M+H) 


96 


3-(5,6J,8-tetrahydro-6H-[l,4]diazocino[7,8,l-hi]uidol- 
i-yi;-q-(DeiizoLl,3jGioxol-4-yl>2.5-dioxopyn:ole 


HRMS: 402.1454 
(M+H) 


97 


3-(5.6,7,8-tetrahydro-6H-[l,4]dia2ocino[7,8,l-hi]indol- 
i-yi;-^ij-riuoK)Denzoiur-7-yl)-2,5HUoxopym>le 


HRMS: 416.1408 
(M+H) 


98 


3-(5,6,7,8-tetrahydro-6H-[l,4]diazocino[7,8,l-hi]mdol- 
l-yl)-4-(2,3-dihydrobenzofur-7-yl)-2^-dioxopYirole 


HRMS: 400.1675 
(M+H) 


yy 


j-i.y-memyi~o,/-ainydro-oH-[l,4]diazepino[6,7,l- 
hi]mdol-l.yl)-4-(benzofur-7-yl)-2,5-dioxopyirole 


MS(ES): m/z = 398.3 
(M*+l) 


iriA 
lUU 


JK<>t^ainyaro-o±i-ii,4Jd[iazepino[6,7,l-hi]indol-l-yl)- 

^(4-(3-(dttethylammo)propoxy)benzofin:-7-yI)-2,5^ 
uioAupyrroic 


MS(ES): m/z = 513.3 
(M'+l) 


101 


3-([l,7]diazoperfiydioonino[8,9,l-hi]indol-l-yl)-4- 
(ben2ofur-7-yl)-2,5-dioxopyiTole 


MSCES): m/z = 412.2 
(M*+l) 


102 

1 


3-(Ll,7JdiazoperhydrooninoI8,9,l-hi]indol-l-yl>4- 

;5,6<iifluorobenzofur-7-yl>2,5-dioxopym)le 
[lydrochloride 


EIRMS:m/z = 
♦48.1493 


103 : 

1 


-* VL-»^»' j«^«^^Jjt^iiiyunxjiJino[o 

auorobenzofur-7-yl)-2^-dioxopym)le hydrochloride ^ 


HRMS: m/z = 
«0.1582 


104 : 

i 


K[1.7]diazopeihydroonmo[8,9,l-hi]indoI-l-yl)-4-(6- 1 
luorobenzofur-7-yl)-2,5-dioxopyiiole hydrochloride 


S1S(ES): m/z = 430.2 


105 3 
c 


5-(6,7-dihydro-6H-[l,4]diazepmo-[6,7,l-hi]indol-l- 

d)-4-(isoquinolin-5-yI)-2,5-dioxopynole 

lihydrochloride 


«IS(ES): m/z = 
195.2 (M*+l) 


106 3 
b 


l-([1.7]dlazoprahydroonino[8,9,l-hi]mdol-l-yl>4- I 

umdazo[i;2-a]pyridin-3-yl>-2,5-dioxopyaole 
lydiochloride 


>lSCES):m/z = 
H2.2 (M*^+l) 



# 
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107 


3-([l,6]d[iazoperiiydioomno[8,9,l-hi]indol-l-yl>-4- 

(ii3Qddazo[l^-a]pyridm-3-ylV2,5-dioxopyixole 

iiyarocnionas 


MS(ES):m/z = 412.2 
(Wr+1) 


108 


3- (6J-dmydro-6H-[1.4]diazepino[6,7,l-hi]indol.l-yl>. 

4- (2^-difluorobenzo[l,3]dioxol-4-yl)-23-dioxopyrrole 


WB(ES):in/z = 424.1 
(M*+l) 


109 


3-([l,5]diazoperhydiooninot8,9,l-hi]mdol-l-yl)-4- 

(thieno[3,2-b]pyridin-7-yl>2,5-dioxopym>le 

hydrochloride 


MS(ES):iii/z = 429.1 
(M^+1) 


IIU 


J-(5,7-dihydn>.6H-[l,4]diazepinot6,7,l-hi]indol-l-yl)- 
4-(13-dihydroisobeiizofiir"5-yl)-2.5-dioxopynole 


MS(ES):in/z = 386,7 
(NT+l) 


111 


3-(6jHiihydio-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl> 
^^ucii^jimuazui-^-yi ^-z,j-aioxopyEroie 


MS(ES): m/z = 384.0 
(M*+l) 


112 


3-(5"methyl-6,7-dihydio-6H-[l,4]dia2epino[6,7,l- 
W]mdol-l-ylH-(benzofur-7-yl)-2,5-dioxopytrole 

11 j^Ul 


MS(ES): m/z = 398.2 
(M*+l) 


113 


3-(6,7-dihydio-6H-[l,4]dia2epino[6,7,l-hi]indol-l-yl> 
^-p,o, /,o-tetranyaroiimGazQ[l ^-ajpyndin-3-yl)-2,5- 
dioxopynole dihydrochloride 


MS(ES): m/z = 388.2 
(M*+l) 


114 


3-(5,6,7.8-tetrahydro-6H-[l,4]diazocino[7,8,l-hi]mdol- 
i -yi>-4-vimiaazo L i ,2-ajpynain-3-yi)-2,5-dioxopynx)le 
dihydrochloride 


MSCES): m/z = 398.2 

owr+i) 


115 


3- t5,7-dihyclro-6H-[l,4]diazepino[6,7,l-hi]mdo]-l-yl> 

4- (2,3-dihydroben2o[l,4]dioxin-5-yl)-2,5-dioxopym)le 
hydrochloride 


HRMS:m/z = 
402.1438 (M*+H) 


116 


3-(9-fluoro6,7-dihydn>-6H-[1.4]diazepino[6J,l-hi]- 
indoH-yl>4-(benzofijr-7-yl)-2,5-dioxopynx>lc 


MS(ES): m/z = 402.1 


117 


3-(5,6,7,8-tetrahydro-6H-[l,4]diazocino[7,8,l.hi]indol- 

l-ylM-(fiiro[3,2-c]pyridin-7-yl)-2^-dioxopynoIe 

dihydrochloride 


MS(ES): m/z = 510.2 
(1^+1) 


118 


3-(7-methyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 
indoH-ylM-(benzo[1.3]dioxol-4-yl)-2,5-dioxopynole 


HRMS:m/z = 
402.1460 (M^+H) 


119 


3-(7-methyl-6,7-dihydn)-6H-[l,4]diazepino[6,7,l- 

mJin-doI-l-yl)-4-(imida2o[l,2-a]pyndin-3-yl)-2,5- 
dioxopytrole 


HRMS:m/z = 
398.1605 (M^+H) 


120 


3-([l,5]diazoperhydroonino[8,9,l-hi]indol-l-yl)-4- 

'thienofS 2-blovridiTl-7-vn-2 S-Himrnnvrrol** 


MS(ES): m/z = 429.1 


121 


3- (6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)- 

4- (5-fluoioben2ofur-7-yl>2,5-dioxopytrole 
lydrochloride 


MS(ES): m/z = 402.2 
(M^+l) 


122 

i 


3-(5,6,7,8-tetrahydro-6H-[l,4]diazocino[7,8,l-hi]indol- 

l-yl)-4-(furo[3,2-c]pyridin-7-yl)-2,5-dioxopyiTOle 

dihydrochloride 


MS(ES): m/z = 399.1 
>!r*+l) 


123 ' 


J-(7-((piperidin-4-yl).caibonyl)-6,7-dihydro-6H-tl,4]di-i 
izepmo[6,7,l-hi]indol-l-yl)-4-(furo[3,2-c]pyridm-7- i 
)rl)-2,5-dioxopynole dihydrochloride 


V£S(ES): m/z = 496.2 
M*+l) 
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124 


3- (6.7-dihydro-6H-[l ,4]dia2epino[6.7,l-hi]mdoH-yl> 

4- (6-fliioroiinidazotl,2-a]pyridin-3-yl)-2,5- 

uiUAupyrrui\? uiiiyiiiucniOriQC 


MS(ES):iii/z = 402.1 
(M*+l) 


125 


3- (6J-dihydrD^H-[l,4]dia2epmo[6,74-hi]indol-l-yl)- 

4- (8-ammoiinidazo[l ,2-a]pyridin-3-yl)-2^- 

dinirnnvrmlp HiVivHrrv^Hlr^rtrl^ 


MS^):m/z = 398.4 


126 


3K6,7Kmiydro-6H-[l,41diazepino[6,7,l-hi]indol-l-yl)- 
4-{6-tiifluoromethylimidazo[l^-a]pyridin-3-34>2^- 


MS(ES):n]/2 = 451.9 
(M*+l) 


127 


3- (6J-dihydn)-6H-[l,4]diazepmo[6,7,l-hi]indol-l-yl)- 

4- (6-methyl-8-bromoiinidazo[1 ,2-a]pyridin-3-yl>2,5- 

dioxOD VTTol e di h vdrnr h Inri 


MS(ES):Bn/z = 476.0 
(M'+l) 


128- 


3- (6,7^ydr(>6H-[l,4]diazepino[6,7,l-hi]indol-l-yl> 

4- (imida2x>[l,2-a]pyrazm-3-yl)-2,5-dioxopyiiole 
dihvdrochloride 


MSOES):ni/z = 385.1 
(M*+l) 


129 


3- (6,7-dihydro-6H-(l ,4]diazepmo[6,74-hi]indoH-yl)- 

4- (imidazo[l,2.b]pyridazin-3-yl>2,5-dioxopyiTole 

dih vdmch 1 ort de 


MS(ES):ni/z = 385.1 
(M*+l) 


130 


3-(9-fluoio-6J-dihydro-6H-[l,4]diazepmo[6,7,l-hi]- 
indol-l-ylH-(imida2o[l>a]pyridm-3-yl).2,5-dioxo- 

nvrrole hvHrnpWnrirff* 


MS(ES):m/z = 402.1 
(M*+l) 


131 


3-(9-fluoro-6,7-dihydro-6H--[l,4]diazepmo[6.7.1-hi]- 
indol-l-yl)-4-(6-fluoroimidazo[l,2-a]pyridin-3-yl)-2,5- 

\M\j^\j^^jxx\jx^ iiy\ix\j\^xxxvn\iB 


MSOES):m/z = 420.0 
(M*+l) 


132 


3- (6,7-dihydra.6H-[l,4]diazepino[6J,l-hi]indol-l-yl). 

4- (8-fluoioiiiiidazo[l^.a]pyridin-3-yl>2,5-dioxo- 

"Dvrrole 


MS(ES):in/z = 402.1 
(M[*+l) 


133 


3- (6,7-dihydro-6H-[l,4]dia2»pmo[6J4-hi]mdol-l-yl)- 

4- (7H:hlojt)imdda2o[l^a]pyridm-3-yl)-2,5-dioxo- 
pyrrole 


MSCES):in/z = 417.9 
(NT+l) 


134 


3-(9-fluoio-6.7Hlihydro-6H-[l,4]diazepino[6,7,l-hi]- 

mdol-I-yl)-4-(7-<;Won)imidazo[l^-a]pyridin-3-yl)-2,5- 

dioxopyrrole 


MS(ES):m/z = 436.1 
(M*+l) 


135 


3-(9-fluoio-6.7-dihydro-6H-[l,4]dia2epmo[6,7,l-hi]- 
indol-l-yl)-4-(7H:hloroiniidazo[l^a]pyridiii-3-yl)-2,5- 
dioxopytrole dUhydrochloride 


MS(ES):ni/z = 435.9 
(M*+l) 


136 


3- (6,7-dihydio-6H-[l,4]diazepino[6,7,l-hi]indol-l-yI)- 

4- (8-inethoxyiinidazo[l^a]pyridm-3-yl)-2^-dioxo- 

pyrrole dihydrochloiide 


MS(ES):in/z = 414.0 
(M*+l) 


137 


C-)-3-(7-methyl-6,7-dihydrD-6H-[l,4]diazepmo[6,7,l- 

lii]indol-l-yI)-4-(iniidazoti;2-a]pyridin-3-yl>2,5- 

dioxopyrrole 


BRMS:m/z = 
398.1622 (M^+1) 


138 

1 
< 


[+>3-(7-methyl-6,7-dihyclro^-[l,4]diazepino[6,7,l- 

W]indol-l-yl)-4-(iimdazo[l^a]pyridm-3-yl)-2i»- 

lioxopynole 


EJRMS:m/z = 
J98.1637 (M*+l) 



• 
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139 


(-)-3-(7.me%l-6,7^ydio-6H-[l,4]diazepino[6,7,l- 

W]indol-l-yl)-4-(7H:Moiomiida2o[l,2-a]pjTidin-3-yl)- 
2,5-cii oxoDvrrole 


HElMS:m/z = 
432.1218 (lvr+1) 


140 


(+)-3-(7-nietbyl-6,7-dihydro-6H-[l,4]diazepmo[6,7,l- 

hi]indoI-l-yl>4-{7-<*Ioroimidazo[l>alpyridin-3-yl>. 

2 , 5 -di oxoo vrrole 


HRMS:m/z = 
432.1209 (M++1) 


141 


(-)-3-(7-metfayl-6J-dihydro-6H-[l,4]diazepino[^^^^ 

W]indol-l-yl)-4-(6-melhyliinidazo[l^a]pyridin-3-ylV 
2,5-dioxopyrrole 


HRMS:ii]/z = 
412.1782 (M*+l) 


142 


3<6J^ydro-6H-[l,4]cHazepmo[6.7,l.hi]indol-l-yl). 

4Kinudazo[l,2-a]pyriimdin-3-yl)-2,5-dioxopym)le 
hydrochloride 


MS(ES):m/z = 385~ 
(M'+l) 


143 


3- (6j-dihydm^H-[l,4]diazepino[6,7,l-hi]indol-l.yl)- 

4- (6-methoxyimida2o[l^-a]pyrimidin-3-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES):m/z = 414 
(M^+1) 


144 


3HO./-cliliydro-6H-[1.4]diazepino[6,7,l-hi]indol-l-yl> 
4-(7-ethyliimdazo[l ;Z-a]pyrimidin-3-yl)-2,S- 
dioxopyirole hydrochloride 


MS(ES):m/z:=412 

ovr+i) 


145 


3.(6J-dihydrc>.6H-[l,4]diazepmo[6,7,l-hi]indoI-l-yl)- 
4-(4,5,6,7-tetrahydropyrazolo[l,5-alpyridiTi-3-yl)-2,5- 
dioxopyiTole hydrochloride 


EIRMS:ii]/z = 
388.1773 (lvr+1) 


146 


3-(6,7-dihydro-6H-[l,4]dia2epino[6,7,l-hi]indoH-yl)- 
♦-(8-chloroimidazo[l ^-a]pyridm-3-yl)-2,5- 
cKoxopyrrole dihydrochloride 


EI{lMS:m/z = 
«8.1071 (M*+l) 



• A of EXAMPLES 147-152 may be prepared essentiaUy as described 

m EXAMFLE 64 except tbat the addition of ethanethiol is omitted. 



Example 


Compound 


Data 


147 


3K6-(3-(ainino)propionyl>-6,7-^ydro-6H-[l,4]diaze- 
pino[6J4-hi]indoI-l-yl>4-(imidazo(l,2.a]pyridin--3- 
yl)-2,5-dioxopyrrole dihydrochloride 


MSCES): m/z = 455 

(3vr+i) 


148 


3-(6K2-(ammo)-2-(methyl)propionyl)-6,7-dihydro-6H- 
[l,41diazepino[6Ja-W]mdol-l-yl)-4-(imidazo[l,2-a]- 
pyridin-3-yl)-2,5-dioxopyErole dihydrochloride 


MS(ES):m/z = 469 
OMr+l) 


149 


R-3-(6-(2-(amino)-3-(methoxy)propionyl)-6,7-dihydix>- 
6H-[l,4]diazepino[6,7,l-hi]indoH-yl>4-(imidazo[l,2- 
a]-pyridin-3-yl>2.5-dioxopyrrole dihydrochloride 


MS0BS):m/z = 485 

(ivr+1) 


150 


3-(9-fluoro-6,7-dihydro-6H-[l .4]diazepino[6,7.1-hi]- 
indoH-yl)-4-(6-methylimidazo[l^-a]pyridin-3-yl)- 
2,S-dioxopyiTole hydrochloride 


MS(ES): m/z = 
(NT+l) 
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151 


3-(9-fluQro-6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 
indol-l-yl)-4-(7-iiiethoxyiinidazo[i;2-a]pyridin-3-yl> 
2,5-dioxopynole hydrochloride 


(NT+I) 


152 


3-(6,7-dihydn>-6H-[l,4]diazepino[6,7,l-hi]-mdoI-l- 
yl)-4-(7-methoxyimidazo[l,2-a]pyridin-3-yl>2^ 
dioxopynole hydrochloride 


MS(ES):in/z = 
(M*+l) 



EXAMPLE 153 
3-(5,6-dihydio-lH-pyirolo[3;24-ij]quinazolin-l-yIH^ 

dihydro-lH-indoIe 

Add trifluoroacetic acid (250nL) to 3-(5-^-butoxycarbonyl)-5,6-dihydn)- 
lH-pyiTolo.[3,2a-ij]quinazoHn-l-yl)-4-(isoquinolin-5-^^^^ 

indole (0.400 g, 0.830 mmol) in dichloromethane (5 mL) and stir the reaction mixture 
at room temperature for 4 hours. Dilute the reaction with 300 mL dichloromethane 
and carefully quench with saturated sodium bicarbonate solution (200 mL). Separate 
the phases and wash the organic phase sequentially with water (1 x 75 mL) and 
saturated aqueous sodium chloride (1 x 75 mL), dry ow&r anhydrous magnesium 
sulfate, and concentrate under reduced pressure to provide the title coiiq>ound. 
MS(ES): m/z = 383.1(M^+1) 



The compound of Example 154 may be prepared essentially as described in 
Example 153. 



Example 


Compound 


Data 


154 


3-(6,7-dihydro-6H-[l .4]diazepino[6,7,l-hi]indoH. 

yl)-4-(6-chloroimida2o[l,2-a]pyridin-3-yl)-2,5- 

dioxopycrole 


MS(ES):m/z = 418 

(wr+i) 



EXAMPLE 155 

3-(5,6Hiihydroxy-[l,5]diazaperhydrooiuno[8,94-W]uidol-l-yl)-4-(baizofur-7-yl)-^^^^ 

dioxopyrrole 

Beginning with methji (5,6-(2,2-dimethyl-[l,3]dioxolanyl>8-^-butoxy- 
cari)onyl>[l^]dia2fflperiiydioonino(8,9,l-hi]indol-l-yl)oxoacetate and 2-(b«!nzofur-7- 
yl)acetaimde,3-(5,6-(2^-diinetojd-[13]dioxolanyl>8-(to-butDxy^aAonyl> 
[1.5]diazaperhydioonino[8,9a-hi]indol-I.yl)-4-(benzofur-7-yl>2^oxopynDte 
prepared essentially as descnbed in Prq>arBtion 120. Hiis material is tieated with 
trifluoroacetic acid as described in EXAMHLE 1 17 to provide the title compound. 
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MS(ES): m/z = 444(]V!r+H) 

EXAMPLE 156 

3K6,7-dihydro-6H-[l,4]diazepino[6J.l-M]mdol-l-yl)^(indol-7-}d^^ 
5 Add aluminum chlodde (0.014 g, 0. 1 mmol) to a flask containing 3-(6-(tert- 

butoxycari)onyl)-6J-dihydn>-6H-[l,4]diazepino-[6J,l^]indol-l-y^ 
dioxopyirole (0.0S» 0.1 mmol) in methylene chloride (25 ml), (^uendi the reaction with 
saturated aqueous sodium bicaibonate, extract into ethyl acetate, wash combined organic 
layers witti saturated aqueous sodium chloride, dry over magnesium sulfate, and 
1 0 . concentrate under reduced pressure. Chromatogtaph on flash silica using a gradient fix>m 
neat ethyl acetate to 10% methanol: ethyl acetate to obtain the title compound as an 
orange solid (10 mg, 26%). 
MS(ES): m/2 = 383.0 (M*+l) 

15 EXAMPLE 157 

3-(6-methyl-5,6,7,8-tetrahydro-6H-[l,4]diazocino[7,8a-W]-indol-l-yl)-4-(benzoto^ 

yl)-2,5-dioxopyirole 
Add 3-(5,6 J,8-tetrahydro^5H-[l ,4]diazocino[7,84-W]indoI-l-yl)-4-(benz^^ 
7-yl>-2,5-dioxopyrroIe (140 mg, 0.35 mmol), paraformaldehyde (264 mg, 8,8 mmol), 

2 0 potassium acetate (104 mg, 1 .0 mmol), sodium cyanoborohydride (220 mg, 3.5 
mmol), and glacial acetic acid (1.5 mL) to 2-methoxyethanol (13.5 mL). Stir and 
slowly heat to reflux under nitrogen. After 30 minutes dilute with 1:1 diethyl 
ethenethyl acetate. Wash sequentially with aqueous 0.5 molar sodium hydrogen 
carbonate and distilled water, and pass the organic phase through a Vaiian® 

25 BondElut™ sex column. Rinse the column with absolute methanol. Elutewith2M 
ammonia in methanol, concentrate under reduced pressure, filter, rinse die solid with 
cold methanol and diy imder reduced pressure to provide the title compound as an 
orange solid (115 mg, 79%). 
HRMS: 412.1663 (M+H). 
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The compounds of EXAMPLES 158-237 may be prepared essentiaUy as described 
in EXAMPLE 157. 



Example 


Compound 


j Data 


1 CO 


3-(6-methyI-6,7-dihydro-6H-[l,4]diazepmoI6.7,l- 
hi]mdol-l-vl)^(benzofiir-7-yl)-2.5-dioxoDvi^le 


pvlSOES): m/z = 398.1 
<M*+n 


1 en 


3-(8-melliyHU]diazoperiiydroonino[8.9.1-hi]indol- MS(ES): m/z = 426 2 
l-yl)^(mudazori^alDvridin-3-yl)-2.5-dioxopynole flVT+l) 


xou 


iK8-mefliyl-[l,5]diazoperhydn)omno[8,9.1-W]indol- ttOSOBS): m/z = 426 2 
l-ylH-(benzofur-7-yl)-2,5-dioxopytrole IcmVI) 
hydrochloride | 


161 


3-(6.inethyl-6 7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- MS(ES): m/z = 398 2 " 
mdol-l-yl)-4-(imidazo[l,2-a]pyridm-3-yl)-2,5- (M*+l) 
dioxopytrole 


162 


3-(6-methyl-6.7^ydro-6H-(l,4]diazepino[6.7,l-hiJ- MS(ES): m/z = 416 1 
mdol.l-yl)-4-(5-fluoiDben2ofur-7-yl)-2,5- (MVI) 
dioxopyrroJe 


163 


^"w^J?^^*^"^ -[1.4]diazepino[6,7,l-hi]mdol-7- MS(ES): m/z = 444 6 
yl)-4-(ben2ofur-7-yl)-2,5-dioxopynx)lehvdrDchlorirfe l<TV/r+a.n 


164 


3-(6-methyI-6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 
mdol-l-yl)-4-(furo[3;2-c]pyridm-7-yl)-2,5- 
dioxopyorole dihydrochloride 


MS(ES): m/z = 399.1 
(M*^+l) 


165 


3-(6-methyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indoH-yl)-4-(benzothien-7-yl)-2,5-dioxopvrrole 


HRMS: 414.1300 
(M+H) 


166 


3-(6-methyl-6,7-dihydro-6H-[l,4]diazepinoI6,7,l^]. PRMS- 402 1461 
indoI-l-yl)^(benzo[l,3]dioxol-4-yl)-2.5- (M+H) 
dioxopynxde 


167 


3-(6-isopropyI-6,7-dihydro-6H-[l,4]diazepino(6,7,l- MSffiS)- m/z = 444 6 
hi]iiidol-l-yl)-4-(5-fluoiobenzofur-7-yl)-2,5- (M*+l) 
dioxopyrrole 1 


168 


3-(6-cyclohexyI-6J-dihydro-6H-[1.4]diazepino[6Ja-^ m/z = 484 2 
hi]uidol-l-yl)-4-(5-fluorobenzofur-7-yl)-2,5- KM*+1) 
dioxopytrole hydrochloride 


169 

1 


3-(6-(tetrahydropyran-4-yl)-6,7-dihydK>-6H- ImsCESV m/z - 468 2 
[l,4]diazepino[6.7.1-hi]indol-l-yl)-t.(benzoftir-7-}d)- (M*+l) 
2,5-dioxopyrrole hydrochloride 


170 : 
1 


H6-(armethylbenzyl)-6,7-dihydro-6H- I] 

l,4]diazepino-[6,7,l-hi]indol-l-yl)-4-(ben2ofur-7-yl>( 
i.5-dioxopynx)le hydrochloride | 


MS(ES): m/z = 488.2 
CM*+1) 


171 2 

[ 

2 


!-(6-{(miidazol-2-yl)methyl)-6,7-dihydro-6H- h 

l,4]diazepino[6,7,l-hi]indol-l-yl).4-(benzofur-7-yl)- | 
,,5-dioxopyiiole hydrochloride | 


VIS(ES): m/z = 464.2 
M^+1) 


172 3 

V 


-(6-(isopropyl)-5,6,7,8-tetrahydro-6H- i 
l,4]diazocino[7,8,l-hi]indol-l-yl)^(imidazo[l .2-a]- ( 
yridin-3-yl)-2^-dioxoDviTole hydrochloride 


vIS(ES): m/z = 440.2 
M*+l) 
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173 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepmo- 

[6,7,l-hi]m(iol-l-3d)-4.(benz[1.3]dioxol-4-yl)-2,5- 
dioxopyrrole 


IhrMS: m/z s 
k30.1781 (M*^+H) 


174 


3-(6-(isopropyl>6,7-dihydro-6H-[l ,4]diazepmo- 

[6J,l-lii]indol-l-yl)-4-(2,3-dihydrobenzofur-7-yl)- 
2,5-dioxopyiiole 


jHRMS:in/z = 
U28.1986 (M*^+H) 


175 


3-(6-(methyl).6,7-dihydio-6H-[l,4]diazepino[6.7,l- 

hi]indoI-l-yl)-4-(2,3-dihydrobenzo[1.4]dioxiii-5-yl)- 

z,3-<uoxopyrrole 


piRMS: m/z = 
kl6.16l0 (M*+H) 


176 


3-(6<isoinopyI)-5,6J,8.teti:ahyditH6H-[l,4]cfiazo- 
cmo[7,8J-hi]mdol-l-yl)-4-(benzofur-7-yl>2^- 
dioxopyrrole hydrochloride 


HRMS: m/z = 
440.1970 (NT+H) 


177 


3K6-(tetrahydiDpyran^yl).5,6,7.8-tetrahydro-6H- 
li,4jclia2ocino[7,8,l-hi]mdol-l-yl)^(beozofur-7-y^^ 
2,5-dioxopyrrole hydrochloride 


pIRMS: m/z = 
k82.2046 (M*+BO 


178 


3-(6-(a-methylbenzyl>5,6,7,8-tetrahydro-6H- 
[l,4]diazocino[7,8,l-M]indoI-l-yl)^4l(benzofur-7^^^^^ 
2,5-dioxopyiTole hydrochloride 


piRNK: m/zs 
502.2138 OWT+H) 


179 


3-(6-(methyl)-5,6,7,8-tetrahydro-6H-[l,4]diazocmo- 
[7,8, l-hi]indol-l-yI)-4-(benzofur-7-yl>2,5- 
dioxopyrrole 


HRMS: m/z = 
416.1595 {M*+H) 


180 


3.(6-(ethyl>6,7-dihydro^H<[l,4]dia2epinor6,7,l-hi]. 
mdol-l-yI)-4-(benzofur-7-yiV2.5-dioxoDvm)le 


HRMS: m/z = 
416.1600 (M*+H> 


181 


3-(6-(methyl>5.6,7,8-tetiahydix>-6H-[1.4]diazoc!ino. 

[7.8,l-hi]indol-l-yl)-4-(fiirD[3.2-c]pyridin-7-yI>2,5- 
dioxopytrole dihydrochloride 


MS(ES): m/z = 413.1 
(Itf*^+1) 


182 


3-(6<isopropyl)-5,6,7,8-tettahydro-6H-[1.4]diazocin- 
o[7,8, l-hi]mdol-l-yl)^furo[3^]pyridm-7-yl>2^- 
dioxopyrrole dihydrochloride 


MSCES): m/z = 441.2 
(M*+l) 


183 


3-(6-(isopropyl)-6,7-dihydro-6H-[1.4]diazepino[6,7,l-] 

hi]indol-l-yl)-4-(benzofiir-7-yi)-24l-dioxopynole 
hydrochloride 1 


MS(ES): m/z = 426.2 
(M*+l) 


184 


3-(6-(l-phenyleth-l-yl)-6.7-dihydro-6H- PVIS(ES)- m/z = 488 2 " 
[l,4]diazepmo[6,7,l-hi]indol-l-yl)-4-(benzofur-7-yl)- KM*+1) 
2,5-<Jioxopyrrole hydrochloride 


185 


l-(6-(ieirahydropyran-z-yjj-6,7-dihydro-6H- I 

:i,4]diazepino[6,7,l-hi]indol-l-yl)-4-(benzofur-7-yi)- \ 
2,5-dioxopynole hydrochloride | 


>*1S(ES): m/z = 468.2 
M*+l) 


186 


J-(6-(inethyl>6,7-<iihydn>-6H-[l,4]diazepino[6.7,l- B 
u]mdol-l-yl)-4-(5-fluorobeii2ofiar-7-yl)-2,5- ( 
ioxopyrrole 1 


klSOBS): m/z = 416.1 

ivr*+i) 


187 2 
h 

d 


K6-(methyl>6,7-dihydro-6H-[l ,4]diazepino[6.7,l- L 
u]indol-l-yl)-4-(5-fluorobenzofur-7-yl>2,5- ^ 
lioxopyiTole hydrochloride | 


/[S(ES); m/z = 416.2 


188 3 
fa 


-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepiiio[6,7,l-L 
i]indol-l-yl)-4-(5-fluorobenzofur-7-yl)-2,5- n 
ioxopyrrole | 


1S(ES): m/z = 444.1 

vr*+i) 
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189 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)-4-(5-fluo!robenzofiir-7--yl)-2,5- 
dioxopyrrole hydrochloride 


MS^):m/z = 416.2 
(M^+1) 


190 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepmo[6,7,l- 

hi]indol-l-yl)-4-(imidazo[l,2-a]pyiidm-3-yl)-2,5- 

dioxopynole 


MSCES):m/z = 426.2 
(M*+l) 


191 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydro-6H- 

[1 ,4]diazepmo [6,7 , 1 -hi]indol- 1 -yl)-4-(imidazo[l ,2- 

b]pyrida2in-3-yl)-2,5-dioxopyiTole 


MS(ES):ni/z = 442.9 


192 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)-4-(5,6 J,8-tetrahydroimidazo[l ,2-a]- 
pyridin-3-yl>2,5-dioxopycrole hydrochloride 


NfS(BS):in/z = 426.2 


193 


3-<6-(cyclopentyl)-6,7-dihydio-6H-[l,4]dia2epino- 
[6JJ-M]indol-l-yl)-4-(imidazo[l,2-alpyridin-3-yl)- 
2,5-dioxopyrrole hydrochloride 


MSOES):in/z = 470.2 
Qtf*^+1) 


194 


3-(9-fluoro-6-isopropyl-6,7-dihydro-6H-[l,4]diaze- 
pino[6J,l-W]indol-l-yl)-4-(iimda2o[l^-a]pyridm-3- 
yl>2,5-dioxopynDle hydrochloride 


MSCBS):ni/2 = 444.1 
CM*+1) 


195 


3-(6-isopropyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)-4-(6-fluoioiinidazo[l,2-a]pyridin-3-yl)- 
2,5-dioxopyrrole hydrochloride 


MS(ES):iii/z = 444.2 
(M*+l) 


196 


3-(9-fluoit>-6-isopropyl-6,7-dihydix>-6H-[l ,4]diaze- 
pino[6,7 , 1 -hi]indol- 1 -yl)-4-(6-fluoroiraida2o[ 1 ^-a]- 
pyridin-3-yl)-2,5-dioxDpyrrole hydrochloride 


MS(ES):m/2 = 462.1 
(M*+l) 


197 


3-(9-fluoro-6-isopropyl-6,7-dihydro-6H-[l ,4]diaze- 
pino[6,7,l-hi]indol-l-yl)-4-(8-fluQroiimdazo[l,2-a]- 
pyridiii-3-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES):ni/z = 462.2 
(M*+l) 


198 


3-(9-fluoro-6-isopropyl-6,7-dihydro-6H-[l ,4]diaze- 
pino[6 ,7, l-hi]mdoH-yl)-4-(imidazo[ 1 ,2-a]pyriiQidin- 
3-yl>-2,5-dioxopyrrole hydrochloride 


MS(ES):ni/z = 445.0 
(M*"+l) 


199 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydro-6H-[l,4]diaze- 

pino[6,7,l-hi]indoH-yl)-4-(8-fluoroiinidazo[l,2-a]- 

pyridin-3-yl)-2,5-dioxopyrrole 


MSCES):ij)/z = 460.0 
(M*-+l) 


200 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydro-6H-[l,4]diaze- 
pino[6J4-hi]indol-l-yl)-4-(miidazo[l,2-a]pyridiii-3- 
yl)-2,5-dioxopyirole 


MS(ES):iii/z = 442 


201 


3-(6-(2-(inethoxyethoxy)eth-l-yl)-6,7-dihydn>-6H- 

[l,4]diaze-pino[6J4-hi]indol-l-yl)-4-(iimdazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):ii]/z = 486 
(lwr+1) 


202 


3-(6-(2-(morpholin-4-yl)eth-l-yl)-6,7-dihydro-6H- 

[l,4]diaze-pino[6J4-hi]indol-l-ylH-(iniidazo[l^- 

a]pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES):m/z = 497 
CM^+l) 


203 


3-(6-(2-fluorobenzyl)-6,7-dihydro-6H-[l,4]diaze- 

pino[6J4-hi]indol-l-yI)-4-(iniidazo[l^-a]pyridiii-3- 

yl)-2,5-dioxopyirole 


MS(ES):m/z = 492 
(M*+l) 
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204 


3-(6-(4-fluorobenzyl>6J-<3ihydio-6H-[l,4]diaze- 

pino[6J4-M]indol.l-yI)-^(iimdazo[l^a]pyridin-3- 
yl)-2,5-dioxopyirole 


MS(ES):in/z = 492 
(M*+l) 


205 


3-(6-(2,4-di£IuorobenzyI)-6J^ydio-6H-[l,4]dia2e^ 

pino[6J4-hi]indol-l-ylHH[i2mdazo[l,2-a]pyridin-3- 
yl)-2,5-dioxopytrole 


MS(ES): m/z = 510 
(M*+l) 


206 


3-(6-<2A6-ti±Quorobenzyl>6J-dihydn>-6H- 

[I,4]diazepino[6J4-hi]indol-l-yl)i(iinidazo[l,2-al- 
pyndin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 528 

a«i*+i) 


207 


3-(6-((l-cyclohexyliinidazol-5-yl)methyl)-6,7- 
dihydro-6H-[l,4]diazepmo[6J4-hi]indol-l-yl)-4- 
{iinidazo[l ^-a]-pyridin-3-yl)-2,5-dioxopyixole 


MS(ES):m/z = 546 
(M*+l) 


208 


3-(6-(2-methoxyeth-l-yI)-6,7-dihydro-6H-[l,4]diaze- 
pino[6JJ-W]indol-l-yl)-4-(6-inethylimidazo[l^-al- 
pyndin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/zB4S6 
(M*+l) 


209 


3-(6-(2-(pyrroUdin-l-yl)eth-l-yl)-6,7-dihydro-6H- 

[1.4]dia2e^pinoI6,7,l-hi]indol-l-yl>4-(inudazo[l,2- 

a]-pyridm-3-yl)-2.5-dioxopyiTole 


MSCES):in/z = 481 
(M'+l) 


210 


3-(6-(2-(morphoHn-4-yl)eth-l-yl)-6,7-dihydro-6H- 
[l,4]diaze-pino[6.74-hi]indoH-yl)^(6-methyl- 
imidazo[l .2-a]-pyadm-3-yl)-2,5-dioxopyiTDle 


MS(ES):ni/z = 511 
(M*+l) 


211 


3-(9-fluoro-6-(2-(inoipholin-4-yl)eth-l-yl)-6,7- 

dihydro-6H-[l,4]dia2e-pino[6,7,l-hi]indoH-yl)-4-(6- 

methylimidazo[l,2-a]-pvridin-3-yl)-2,5-dioxoDYrroI^ 


MS(ES):ni/z = 529 
(M^+1) 


212 


i-^9-tluoro-o-c:<2-(moipholiii-4-yl)eth-l-yl)-6,7- 
dihydro-6H-[l ,4]diazepino[6,7,l-hi]mdol.l-yl>4-(7-. 
methoxyiimdazo[l ,2-a]-pyridiii-3-yl)-2,5- 
dioxopycrole 


MS(ES):in/2 = 545 
(M^+1) 


213 


3-(6-(2-(moipholm-4-yl)eth-l -yl)-6 jHiihydro-6H- 
[1 ,4]dia2epino[6,7, 1-hi]indol-l-yl)-4-(7-methoxy- 
imidazo[l,2-a]-pyridin-3-yl)-2^.dioxopyiTole 


MS(ES): m/z = 527 
(KT+l) 


214 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydro-6H-[l,4]diaze- 

pino[6J,l-hi]mdol-l-yl)-4-(7-methoxymiida2o[l,2- 

a]-pyndm-3-yl>2,5-dioxopyiTDle 


MS(ES):mi'z = 472 
CM*+1) 


215 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 

u]indoI-l-yl)-4-(7-<:Woroiimdazo[l,2-a]pyridm-3-yl> 
2,S-dioxoi3yiTole tnethanesulfonflt^ 


MS(ES): m/z = 460.2 
tM*+l) 


216 


J-(6-(isopn>pyl)-6,7-dihydro-6H-[l,4]diazepmo[6,7,l- 
3i]mdol-l-yl)-4-(8-fluoroiirddazo[l^-a]pyridiii-3-yl)- 
2,5-dioxopym>le methanesulfonate 


MSOBS): m/z = 444,2 
3^+1) 


217 : 

I 
{ 


}-(6-(2-methoxyeth-yl)-6,7-dihydn)-6H-[l ,4]diaze- 1 

)ino[6,7,l-hi]indol-l-yl)-4-(8-melhoxyiinidazo[l,2- 

i]-pyridiii-3-yl)-2,5-dioxopyiTolc 


VISOES): m/z = 472.0 
M^+1) 


218 : 

[ 
i 


i-(9-fluoro-6-(2-inethoxyeth-l-yl)-6,7-dihydlro-6H- I 

l,4]diazepino[6,7,l-hi]indoI-l-yl)-4-(7-chloro- 

nQidazo[l,2-a]pyridiB-3-Yl)-2,5-(iioxopynole 


slS(ES): m/z = 493.8 

wr+1) 
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219 


3-(6-(tetrahydropyran-4-yl)-6J-dihydro-6H- 
ri.4]diazepmor6JJ-hi1indol-l--vlV4-riiiiid^ 2- 

a]pyridiii-3-yl)-2,5-dioxopytToIe 


HRMS:ni/z = 
46S 2m^ 


220 


(-)-3-(7-methyl-6-isopropyl-6,7-dihydro-6H- 
[l,4]diazepinor6JJ-hilmdol-l-vlV4-fiiiiidfl2ori 2- 
a]pyridin-3-yl)-2,5-dioxopyirole 


HRMS: m/z = 
440 2fl7fi 


221 


(+)-3-(7-iiiethyl-6-isopropyl-6,7-dihydro-6H- 
[l,4]diazepinor6,7J-hi]indol-l-yl>4-(imida2ori 2- 
a]pyridiii-3-yl)-2,5-dioxopyn:ole 


HRMS: m/z = 


222 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indoH-yl)-4-(7-chloio- 

imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS:in/z = 
476.1494 


. 223 


3K6-(isopropyl)-6J-tfhydro-6H-[l,4]diazepiao[6.7,l- 

W]indol-l-yl)-4-(imidazo[2,l-b]tiua2ol-3-yl)-2,5- 

dioxopymole 


HRMS: m/z = 
432.1495 


224 


3-(6<2^methoxyBth-l-yl)-6J-dihydio-6H- 

[ 1 ,4]diazepino[6,7, 1 -hijindol- 1 -yl)-4-{6-methoxy- 

iimdazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z=472 


225 


3-(6-(2-methoxyeth-l-.yl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(7-ethyl- 
imida2o[l ^ra]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 470 


226 


3<6-(isopropyl>6,7-dihydro-6H-.[l,4]diazepmo[6,7,l- 
hi]indol-l-yl)-4-(iinidazori^-alDYrimidin-3-^^ 5- 
dioxopyrrole metiianesulfonate 


MS(ES): m/z = 427.2 


227 


3-(6-(cyclopentyl)-6,7-dihydro-6H-[l ,4]diazepino 
[6,7, l-W]indol-l -yl)-4-(iirudazo[l ^a]pyxiinidin-3- 
yl)-2,5-dioxopyrrole 


MS(ES): m/z = 427.2 


228 


3-(6-0sopropyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
M]indol-l-yl)-4-(6-^hloix>miidazo[l,2-a]pyridin-3-yl)- 
2,5-dioxopytroIe 


MS(ES):m/z = 460 


229 


3-(6-(2-fluorobenzyl)-6,7-dihydro-6H-[l .41diazepino- 
|6,7, 1 -hijindol- 1 -yl)-4-(iiiiidazo [ 1 ,2-a]pyiirQidin-3- 
yl)-2,5-dioxopyrrole 


MS(ES):m/z = 493 


230 


3-(6-((pyridin.3.yl)methyl)-6,7-dihydro-6H- 

;i,4]diazepino-[6,7,l-hi]indol-l-yl>4-(imidazo[l^-. 

a]pyrimidin-3-yl)-2,5-dioxopyrrole 


MS(ES):in/z = 476 
(M^+1) 


231 


3-(6K(pyridm-2-yl)methyl)-6,7-dihydn)-6H- 

l,4]diazq)ino-[6,7,l-hi]indol-l-yl)-4-(iinidazo[l^- 

a]pyriinidin-3-y])-2,5-dioxopyirole 


MS(ES):in/z=476 


232 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepino- 
:6J4-hi]indol-l-yl)-4-(pyra2olo[l,5-a]pyriimdm-3- 
yl)-2,5-dioxopym)le hydrochloride 


HRMS: m/z = 
426.1937 (M* +1) 


233 


3-.(6-(methyl)-6,7-dihydro-6H-[l,4]diazepmo-[6,7,l- 
hi]indol-l-yl>4-(pyra2olo[l,5-a]pyrimidin-3-yl)-2,5- 
dioxopytcole hydrochloride 


ElRMS:m/z = 
398.1617 (M*+l) 



• 
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234 


3-(6-<methyl>67Kiihydro-6H-[l,4]diazepmo-[6,7.1- 
hi]indoM-yl)-4-{4,5,6,7-teti:ahydropyrazolo[l,5- 
a]pyrimidin-3-yl)-2.5^0Aopyirole hydirchloride 


HRMS:in/z = 
402.1930 


235 


3-<6-(isopropyl)-6,7-dihydro-6H-[l ,4]diazepino- 
[6J4.hi]indol-l--yl>4-(4,5,6,7-tetrahydropyrazolo- 
[l,5-a]pyiiniidin-3-yl)-2,5^oxopYm)le hydrochloride 


HRMS: m/z = 
430.2243 OVr+l) 


236 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydit>-6H-[l,4]diaze- 

pino[6Ja-hi]mdol-l-yl)-4-(8-chlaraimidazo[i;j- 

a]pyriiiiidin-3-yl)-2^-dioxopyn:ole 


HRMS; m/z = 
476.1489 CM*+1) 



EXAMPLE 237 

3-(5-methyi-5,6-dihydto-lH-pynolo[3,2a-u]quinazolin-l-yl)^(isoqui^ 

dioxopyccole 

Add a solution of 3K5.6-dihydro-lH-pynolo[3 Al-ij]qninazolm-l-yl)-4- 
(isoquinolin-5-yl)-2,5-<iioxopym>le (0.300g, 0.7853 mmol) in anhydrous 
dimethylformamide (1.5 mL) to formalm (37% solution in water, 0.750 ml) in 2 ml 
glacial acetic acid and stir at es^C for 2 houis. Pour into ice water and neutralize witii 
5.0N sodium hydroxide. Extract with 200 mL etiiyl acetate, wash sequentiaUy with 
water (1 x 75 mL), and saturated aqueous sodium chloride (1 x 75 mL), dry over 
anhydrous magnesium sulfate, and concentration under reduced pressure. Dissolve 
the residue in 150 ml 2.0 M ammonia in methanol stir at room temperatnie for 2 
hours, concentrate and purify by column chromatogr^hy to give tiie titie compound 
as an orange solid. 
MSCES): m/z = 395.2CNdr+l) 

EXAMPLE238 

3-(6-fotmyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(benzofur-7-yl> 

2,5-dioxopyrtole 

Add3-(6,7-dihydro-6H-[1.4]diazepmo[6,7,l-W]indol-l-yl)-4-(benzofur-7-yl)- 
2,5-diox<q>ynole (312 mg, 0.74 mmol) and sodium formate (130 mg, 1.91 mmol) to 
formamide (12 mL) and stir under nitrogen at 140^ for 30 minutes. Dilute with ethyl 
acetate:diethyl ether (1:1), wash sequentially with aqueous 0.25 M hydrochloric acid, 
aqueous 0.5 M sodium hydrogai carbonate, and aqueous saturated sodium chloride, 
dry over anhydrous magnesium sulfate, filter, and concenOate under reduced pressure. 



m 
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Recrystallize the residue firom methanol and dry under reduced pressure to provide the 
title compound as an orange solid (285 mg, 93%). 
HRMS: 412.1324 (M+1) 

5 EXAMPLB239 

3K6Kphenoxycarbonyl)-6J-dihydro-6H-[l,4]diazepino[6J4-M^ 
(benzofur-7-yl)-2^-dioxopynole 
Cool a solution of 0.17 gm (0,44 mMol) 3-(6,7^ydro-6H-[l,4]diazepino- 
[6 J4-hi]indol-l-yl)-4-(bemofur-7-yl>2,5-dioxopyiiole in 5 mL methanol containing 
10 0.12 mL (0.88 mMol) triethylamine. Add 0.10 gm (0.66 mMol) phenyl 

chlorofoimate. Stir the reaction mixture for 3 hours. Quenchthereaction with water 
and extract with ethyl acetate. Subject the organic phase to flash silica gel 
chromatography, eluting with a gradient of hexane containing from 50% to 0% ethyl 
acetate. Combine fractions containing desired product and concentrate them under 
1 5 reduced pressure to provide 0.096 gm of the title compound. 
MS(ES): m/2 = 504.2 (M*+l) 

The compounds of EXAMPLES 240- 447 may be prepared essentially as 
described in EXAMPLE 239. 



Example 


Compound 


Data 


240 


3-(6-(3-trifIuoromethylphenoxycarbonyl)-6,7-dihydro- 
6H-[l,4]diazepino[6,7,l-M]indol-l-yl)-4-(ben2ofur-7- 
yl>-2,5-dioxopyrrole 


MS(ES):m/z = 572 
CM*+1) 


241 


3-(6-(4-methoxyphenoxycarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(benzofur-7-yl)- 

2,5-dioxopyrrole 


MS(ES):m/2 = 534 
(M^+1) 


242 


3-(6-(phenoxycarbonyl)-5,6,7,8-tetrahydro-6H- 

[l,4]diazocmo[7,8,l-'hi]indol-l-yl)-4-{ben2ofur-7-yl)- 

2,S-dioxopycrole 


HRMS:m/z = 
518.1737 (M'+H) 


243 


3-(6-(methoxycarbonyl)-6,7-dihydro-6H-[l,4]diaze- 
pino[6,7,l-hi]indoH-yl)-4-(benzoIl,3]dioxol-4-yl)- 
2,5-dioxopyrrole 


HRMS:m/z = 
446.1352 (M^+H) 


244 


3-(6-(ethoxycaibonyl)-6,7-dihydro-6H-[l ,4]diazepino- 

[6,7,l-hi]indol-l-yl)-4-(benzoftir-7-yl)-2,5- 

dioxopyiTole 


MS(ES):m/2 = 456.2 
OVf+1) 


245 


3-(6-(isopropoxycarbonyl)-6,7-dihydro-6H- 

[l,4]dia2epino[6J4-hi]indol-l-yl)-4--(benzofur-7-yl)- 

2,5-dioxopyccole 


MS(ES):m/z = 470 
(M^+1) 
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246 


3-(8-(isopropoxycarbonylHl ,5]diazaprahydioonmo- 
rS 9 l-hilmdol-l-vlV4-fljenzofiir-7-vlV.2 5- 

dioxopyrrole 


MS(ES): m/z = 444 


247 


3-(6-(butoxycari)onyl)"6,7-dihydro-6H- 

ri 41diazeDiiio-r6 7 l-hilindDl-l-vl^-4-niftTizriftir-7-vlV 

2,5-dioxopyrrole 


MS(ES):ni/z = 484 


248 


3-(6-(2-(methoxy)ethoxycarbonyl)-6,7-dihydro-6H- 
ri«41diazeDinor6.7.1-Mlindol-l-vD-4-fl5enzofur-7-v^ 
2,5-dioxopyrrole 


MS(ES):in/z = 486.2 


249 


3-(6-(2-(inorpholin-4-yl)ethoxycarbonyl)-5,6,7,8- 
tetrah vdio-6H- f 1 .41 diazocino [7.8.1 -hilindol- 1 -vl V4- 
(benzofur-7-yl)-2,5-dioxopyrrole 


HRMS:in/z = 
555 2245 fM+ID 


250 


3-(6-((l-methylpiperazin-4-yl)caibonyl)-6,7-dihydro- 

6H-ri,41diazepinor6,7,l-Wlindol-l-vlV4-ft)enzori31- 

dioxol-4-yl>2,5-dioxopynx)le 


HRMS:m/z = 
514 2090 fM+ID 


251 


3-(6-((morpholm-4<yl)ca]ixmyl)-6J-dihydn>^ 

[ 1 ,4]diazepiiio[6,7, l-hi]indol-l-yl)-4-(benzofur-7-^)- 

2^-dioxopyrrole 


MS(ES):in/z = 497.2 

VIVA TXy 


252 


3-(6-((morpholin-4-yl)carbonyl)-6,7-dihydro-6H- 
[ 1 ,4]diazepino [6,7, 1 -hi]indol- 1 -yl)-4-(iinidazo[ 1 ,2-a]- 
pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):in/z = 497.2 
(M*+l) 


253 


3-(6-((morpholin-4-yl)carboTiyl)-6,7-dihydio-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(7- 
cyanQimida2o[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 522.1 


254 


3"(6-((morpholin-4-yl)cait)onyl)-5,6,7,8-tetrahydro- 
6H-r 1 .41 di a20cmor7 . 8 1 -hilindol- 1 -vl V4-n5enzofQr-7- 
yl)-2,5-dioxopyrrole 


HRMS: m/z = 
511 1978 fM+ITi 


255 


3-(6-((pyirolidin-l -yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-{iiriidazo[l,2- 

a]pyri-din-3-yl)-2,5-dioxopyirole 


MS(ES): m/z = 497.2 
fM*+l") 

v^AYA • xy 


256 


3-(6-((piperidin-l-yI)carbonyl)-6,7-dihydro-6H- 

[l,4]dia2epino[6,7,l-hi]mdoM-yl)-4-(imidazo[l,2- 

a]pyri-dm-3-yl)-2,5-dioxopyrroIe 


MS(ES): m/z = 497.2 

avi*+i) 


257 


3-(6-(trimethyIacetyl)-^,7-dihydro-6H- 

(l,41diazepino[6,74-hi]indol-l--yl>4-(benzofur-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 468.2 
(M*+l) 


258 


3-(6-CN^N-[dimethyl]aininocarbonyl)-[l,7]diazoper- 

hydK)omno[8,9,l-hi]indol-l-yI)-4-(imidazo[l,2-a]- 

pyridin-3-yl)-2,5-dioxopym)le 


MSOBS): m/z = 483.2 
OvT+l) 


259 


3-{7-(NJ»f-[dimethyI]aininocaibonyl)-[l,6]dia2oper- 

hydKK)nino[8,94-hi]indol-l-yl)-4-(iimdazo[l,2- 

a]pyridin-3-yl>-2,5-dioxopyrrole 


MS(ES):m/2 = 483.2 
(M*+l) 


260 


3-(8-CNJN-[dimethyl]ammocarbonyl)-['l,5]dia2oper- 

hydioonino[8,9,l-hi]indol-l-yl)-4-(imida2o[1.2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MSCES): m/z =483.2 
(M^+1) 
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261 


3- (8-(N,N-[dimethyl]ammc)carbonyl)-[l,5]diazoper^ 
hydroomno[8,94-hi]indol-l-yl)-4-(benzo[13]a 

4- yl)-2,5-dioxopycrole 


HRMS: 487.1973 
(M+H) 


262 


3-(6-(NJNr-[dimethyl]aminocarbonyl)-6J-dihydro-6H- 
[1 ,4]diazepino[6 J4-W]indol-l-yl)-4-(beiizofu^^ 
2,5-dioxopyirole 


MS(ES):in/z = 455.2 


263 


3-(6-(N^-[dimethyl]anunocaibonyl)-6jKiihydio-6H 
[1 ,4]dia2epino[6 J4-W]mdol-l-yl>4-(5-fluorobenzo- 
fur-7.yl)-2,5-dioxopyirole 


MS(ES):m/z = 473.2 


264 


3-(6-(NJN-[dimethyl]amm<xjarbonyl)-6jH^ 

[l,4]diazepino[6J4-hi]indol-l-yl)4-(inudazo[l,2- 

a]pyridin-3-yl>2,5-dioxopyrrole 


MSOES):iii/z = 455.2 


265 


3-(6-(NJ»I-[dimethyl]aminocarbonyl)-5,6,7,8- 

tetrahydto-6H-[l,4]diazocino[7,8,l"hiIindol-l-yl)-4- 

(imida2o[l,2-a]pyridin-3-yl)-2,5-dioxopytroIe 


MS(ES): miz = 469.6 


266 


3-(6-(NJN-[dimethyl]aininocarbOTyl>6J-<lihydr^ 
[l,4]diazepino[6JJ-hi]mdol-l-yl>4.(2,3-dihydro- 
benzo[l,4]dioxin-5-yl>2,5-dioxopyrrole 


HRMS: m/z = 
473.1822 (M^+H) 


267 


3-(6-(NJSr-[dimethyl]aiiimcK:arbonyl)-6J-<3ihydro-6H^ 

[l,4]diazepino[6J4-hi]indol-l-yl>4-(ten2o[l,3]- 

dioxol-4-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
459.1690 (M*^+H) 


268 


3<6-(N,N-[dimethyl]aiiiinocarbonyl)-[l,7]dia2aperhy- 
ciroonino[8,9J-hi]indol-l-yl)-4-(iraidazo[l,2-a]pyri- 

ciin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 483.2 
(M*+l) 


269 


3-(7-(NJ«T-[dimethyl]aiiiinocarbonyl)-[l,6]diazapeihy- 

drooiiino[8,9,l-hi]indol-l-yl)-4-(inudazo[l^-a]pyri- 

din-3-yl)-2,5-dioxopyirole 


MSCES): m/z = 483.2 

ovr+1) 


270 


3-(0-(N4>l-[dimethyl]aminc)carbonyl)-5,6,7,8-tetra- 

hydro-6H-[l,4]diazocino[7,8,l-hi]indoH-yl)-4- 

(ben2ofur-7-yl)-2,5-dioxopyirole 


HRMS: m/z = 
469.1889 (Wr+H) 


271 


3-(6-(NJ^-[dimethyl]anmiocarbonyl>7-methyl-6,7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(benzo[l ,3]-dioxol-4-.yl)-2,5-dioxopym)le 


HRMS: in/z = 
473.1826 OMT+H) 


272 


3-(6-(NJ^-[dimethyl]ammocarbonyl)-7--methyl-6,7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
:imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyirole 
hydrochloiide 


HRMS: m/z = 
469.2000 (M*+H) 


273 


3-(6-GSrj>T-[dime1hyl]aminocarbanyl)-5,6,7,8-. 
tetrahydro-6H-[l,4]diazocino[7,8,l-hi]indol-l-yl)-4- 
(benzoCl ,3]dioxol-4-yl)-2,5-dioxopynx)le 


E]RMS:ii]/z = 
473.1841 (M*+H) 


274 


3-(8-piopionyl-[l ,5]diazoperfiydiDomno[8,9,l- 

[ii]indoI-l-yl)-4.(23-<iihydrobenzofur-7-yl>2,5- 

dioxopymole 


EIRMS: m/z = 
^70.2086 (M-f H) 


275 

i 


3-(6-propionyl-6,7^ydn>6H-tl,4]diazepiiio[6,7,l- 

[ii]indol-l-yl)-4-(iimdazo[l^-a]pyridin-3-yl)-2^- 

dioxopyrrole 


MS(ES): m/z = 440.2 

[ivr+D 
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276 


3-<6-acetyl-5,6.7,8-tetrahydro-6H- 
ri.41diazocmor7 8 l-hi1indol-l->dV4-ffumr3 7.- 

c]pyiidiii-7-yl)-2,5-dioxopyiTole hydrochloride 


MS(ES):m/z = 441.1 


277 


3-(8-propionyl-[l,5]diazopeihydroomno[8,9,l-hilm- 
dol- l-vlV4-(iiiiidazor 1 ^-alDvridin-3- 5- 
dioxopytrole 


MS(ES):m/z = 468.2 


278 


3-f6-nroDionvl-6.7-dihvdro-6H-ri 4TdiazeDinor6 7 1- 
hi]indol-l -yl)-4-(benzofur-7-yl)-2,5-dioxopyrrole 


MSrESV m/7 — 440 1 
(M*+l) 


279 


3-f8-acetvl-ri .51diazoDerhvdroomnor8^^1-hiliiidol-l - 
yl)-4-(benzofur-7-yl)-2,5-dioxopycrole 


MS<ESV m/y = 4S4 7 
(M*+l) 


280 


3-(8-propionyl-[l,5]diazoperhydroonino[8,9,l- 
hi]indol-l-yl)-4-(ben2ofur-7-yl)-2,5-dioxopynole 


MS(ES): 10/2 = 468.2 
OvI*+l) 


281 


3-(6-acetyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 

hi]m-dol-l-yl)-4-(iiiiidazo[l,2-a]pyridin-3-yl>2,5- 

dioxopyiiole 


MS(ES):id/z = 426.2 


282 


3-<8-acetyl-[l,5]diazoperhydixx)nino[8,9,l-hi]indol-l- 
yl)-4-(iinidazo[l,2-a]pyridin-3-yl)--2,5-dioxopyrrole 


MS(ES):in/z = 454.2 
(M*+l) 


283 


3-(6-acetyl-6J-dihydro-6H-ri.41diazeDmor6 7 1-hil- 
indol-l-ylH-(5-fluojx)beiizoto-7-yl)-2,5-dioxopyiiDle 


MSrESV m/z = 444 1 
(M*+l) 


284 


3-(6-hutyryl-6,7-dihydn>.6H-[l,4]diazepino[6J,l- 
hilindol-l-vD-4-fimidazori 2-alnvridin-3-vlV2 ^- 
dioxopyrrole 


MS(ES):j3a/z = 454.2 

TXJ 


28S 


3-(6-isobutyryl-6,7-dihydro-6H-[l ,4]diazepino[6,7, 1- 
hilindol-l-vn-4-fiiTiidflzori 2-altivridin-'^-vn-9 5- 
dioxopyrrole 


MS(ES): m/z = 454.2 


286 


3-(8-propionyl-[l,5]diazoperhydroonino[8,9,l-hi]in- 
dol-l-vD-4-rfuro-r3^-clovridin-3-vl V2 S-dioiconvrmle 
hydrochloride 


MS(ES): m/z = 469.2 


287 


3-(8-acetyl-[l,5]diazopeihydroonino[8,9,l-hi]indoH- 
vn-4-rfuro-r3.2-cloviidiii-3-vlV2 5-dioxonvrrn1e 
hydrochloride 


MS(ES): m/z = 455.1 


288 


3-(6-propionyl-5,6,7,8-tetrahydn)-6H- 
[l,4]diazocino[7,8,l-hi]indol-l-yl)-4-(furo[3,2- 
c]pyridin-7-yl>2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 455,2 


289 


3-(6-propionyl-6,7-dihydro-6H-(l,4]diazepino[6,7,l- 
W]indol-l-yl)-4-(furo[3.2-c]pyridin-7-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 441.2 
(M*^+l) 


290 


3-(6-acetyl-6.7^ydro-6H-[l,4]diazepinot6,7,l- 
hi]indol-l-yl)-4-(furo[3^-c]pyridin-7-yl>.2,5- 
dioxopyrrole hydrochloride 


AISCES): m/z = 427.1 
(M*+l) 


291 


3-(6-acetyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 

hi]indoH-yl)-4-(benzo[l,31clioxol-4-yI)-2,5- 

dioxopyrrole 


HRMS: 430.1422 
(M+H) 


292 


3-(6-acetyl-6.7-dihydio-6H-tl.4]diazepino[6,7,l- 
hi]indol-l-yl)-4-<benzo[b]thien-7-yl)-2^-dioxopyrrole 


HRMS: 442.1251 
(M+II) 
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293 


3-(6-piopionyl-6Jsiihydro-6H-(l,4]diazepino[6,7,l- 
hilindol-l-vl)-4-Cbenzori31dioxoi-4-vlV2 5- 
dioxopynole 


HRMS: 444.1552 


294 


3-(6-acetyl-6,7.dihydro-6H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl>4K2,3-dihydioben2ofur-7-yl)-2,5- 

dioxopycrole 


HEIMS: 428.1599 
(M+H) 


295 


3-(6-propionyl-6,7-dihydro-6H-[l,4]diazepmo[6,7,l- 

hi]mdol-l-yl>4<23-<iihydrobenzofur-7-yl)-2,5-- 

dioxopyrrole 


HRMS: 442.1796 
(M+H) 


296 


3-(6-butyryI-6,7-dihydro-6H-[l,4]diazepmo[6.7.1- 

hi]indol-l-yl)-4K2,3-dihydrobenzofur-7-yl)-2j5- 

dioxopyrrole 


HRMS: 456.1911 
(M+H) 


297 


3K8-ac»tyl-[l,5]diazope±ydiX)onino[8^,l-hi]mdol-l- 
yl)-4<2,3-dihydrobenzofur-7»yl)-2,5-dioxopyrrole 


HRMS: 456.1921 
(M+H) 


298 


3<8-propionyl-[l,51diazoperiiydroomiio[8,9,l-hi]- 

indoH-yl)-4-(benzo[l,3]dioxol-4-yl)-2.5- 

dioxopyrrole 


HRMS: 472.1864 
(M+H) 


299 


3K6-isobutyryl-[lJ]diazopeiiiydroomno[8,9,l-hi]in- 

dol-l-yl>-4-(iinidazo[l^a]pyridin-3-yl)-2,5- 

dioxopyrrole 


MSCES):m/z = 480.3 
(M+1) 


300 


3-(6-acetyl-5,6,7,8-teti:ahydro-6H-[l,4]diazodno- 
[7,8a-hi]indol-l-yl)^(furo[3,2-c]pyridin-7-yl)-2,^^ 
dioxopyrrole hydrochloride 


MSfESV m/7 = 44.1 1 

(]vr+i) 


301 


3-(8-propionyl-[l ,5]diazopeiiiydroonino[8 ,9, 1 -hi]in- 
doH-yl)-4-(benzo[l^]dioxol-4-Yl)-2,5-dioxopYcrole 


HRM55- mh - 
469.1885 (M+H) 


302 


3-(6-propionyl-5,6,7,8-tetrahydro-6H- 

r 1 ,41diazocinor7,8 , 1 -hilindol- l-vD-4-n>enzofiir-7-vlV 

2,5-dioxopyrrole 


MS(ES):m/z = 454.2 


303 


3-(6-(NJ^-dimethylaminocarbonyl)-6,7-dihydro-6H- 
ri,41diazepmor6,7J-hilindoI-l-vn-4-ffuror3 2-clovri- 
din-7-yl)-2,5-dioxopym)le hydrochloride 


MS(ES):in/z = 456.2 


304 


3-(6-((mQrpholin-4-yl)carbonyl)-6,7-dihydro-6H- 

[ 1 ,4]diazepino[6,7 , l-hi]indol- 1 -yl)-4-(furo[3,2-c]pyri- 

dm-7-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES):in/z = 498.1 

V^TX TX/ 


305 


3-(6-((4-methylpipera2in-l-yl)caibonyl)-6,7-dihydro- 
6H-[l,4]diaz«pino[6J4-hi]indol-l-yl)-4-(furo[3> 
c]pyridui-7-yl)-2,5-dioxopynole dihydrochloride 


MSOBS): m/z = 511.2 
(M*+l) 


306 


3-(6-((pyrrolidin-l-yl)carbonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(ftin)[3^c]pyri- 
din-7-yl>-2,5-dioxopynx)le hydrochloride 


MS(ES): m/z = 482.2 
(M*+l) 


307 


3-(6-((pyiTo]idin-l-yl)carbonyl>-5,6,7,8-tetrahydro- 
6H-[1.4]diazocino[7,8a-hi]indol-l-ylH-(fuio[3,2- 
c]pyridin-7-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 399.1 
(M*+l) 


308 


3-(6-((morpholin-4-yl)carboBy])-5,6,7,8-tetrahydro- 
6H-[l,4]diazocmo[7.8.1-hi]indol-l-yl>4-(fuiD[3^- 
c]pyridin-7-yl>2,5-dioxopyErole hydrochloride 


MSCES): m/z = 512.2 
(Vr+1) 
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309 


3-(6-((4-methylpipeia2in-l-yl)cart)onyl)-5,6,7,8-tetra- 

[3,2-c]pyridin-7~yl>2,5-dioxopyiTole dihydiochloiide 


MSCES):m/z = 525.2 


310 


3-(6-((methoxy)caibonyl>5,6,7,8-tetrahydto-6H- 

n 41diazocinor7 8 l-hilindol-l-vlV4-('fLiToR 2-clnvri- 

din-7-yl)-2,5-dioxopynx)le hydrochloride 


MS(ES):m/z = 457.1 


311 


3-<6-((ethoxy)carbonyl-5,6,7,8-tetrahydro-6H- 
ri.41diazocinor7 8 l-hi1indol-l-vn-4-rfiimr3 2-clnvri- 
din-7-yl)-2,5-dioxopytK)le hydrochloride 


MS(ES):m/z = 471.1 


312 


3-<6-((NJ^-<iimethylamino)carix)nyl)-5,6J,8-tetrahy 
dro-6H-ri 41diazocinor7 8 l-hilmdol-l-vn-4-rfQTTi- 
[3^]pyridin-7-yl)-2,5-dioxopyrroIe hydrochloride 


MS(ES):m/z = 470.2 


313 


3-(6-((piperidiii-l-yl)caibonyl>6,7-dihydro-6H- 

[1 ,4]diazepino[6,7, l-W]indoI-l-yl)-4~(fiuio[3,2-c]pyri- 

din-7-yl>2,5-dioxopyrrole hydrochloride 


MS(ES):m/z = 496.2 


314 


3-(6-((piperidin-l-yl)caii)onyl>.5,6,7,8-tetrahydio-6H- 
[l,4]diazocino[7,84-hi]indol-l-ylH-(furo[3^-c]pyri- 
diii-7-yl)-2,5-dioxopycrole hydrochloride 


MS(BS):m/z = 510.2 
(M*+l) 


315 


3-(6-(octanoyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)-4-(furo[3,2-c]pyridin-7-yl)-2,5- 
dioxoDvrrole hydrochloride 


MS(ES):in/z = 511.2 
(M*+l) 


316 


3-(6-(octanoyl)-5,6,7,8-tetrahydro-6H-[l,4]diazocino- 
[73J-hi]indol-l-yl)^(fiiio[3^-c]pyridin-7-yl)-2,5- 
dioxopyrrolc hydrochloride 


MS(ES):iii/z = 525.2 
CNfT+l) 


317 


dihydro-6H-[l,4]diazepino[6,7,l-hi]indoH-yl)-4- 

(furo[3,2-c]pyridin-7-yl)-2,5-dioxopyrrole 

dihvdrochloride 


MS(ES):m/z = 512.2 

a»r+i) 


318 


3-(6-(isobutyryl)-5,6,7,8-tetrahydro-6H-tl.4]diazo- 
cino[7,8,l-hi]mdol-l-yl)-4-(4-(dimethylaimno)fu^ 

r3^-clovridiii-7-vlV2 5-dioxnnvrrole 


MS(ES):m/z = 512.2 
(M*+l) 


319 


3-(6-(NJ^-dimethylainino)carbonyl)-5,6,7,8- 
tetrahydro-^-[l,4]diazocino[7,8,l-hi]indol-l-yl)^ 
(4-<diinethylamino)furo-[3^-c]pyridin-7-yl)-2,5- 
dioxopyrrole 


MSCES):in/z = 513.2 
(M*+l) 


320 


3-(6-(ethoxycarbonyl)-6,7-dihydro-6H-[l,4]dia2e- 

pino[6JJ-td]indol-l--yl)-4-(imida2o[l^-a]pyridin-3- 

yl)-2,5-dioxopyax)le 


MS(ES):m/z = 456 
(M*+l) 


321 


3-(6-(isopropoxycart>onyl>6,7-dihydro-6H-[l,4]di- 

azepmo[6JJ-hi]indol-l-yl)-4-(iiiddazo[l,2-a]pyridin- 

3-yl)-2,5-dioxopyrn)le 


MS(ES):in/z = 470 
(M*+l) 


322 


3-(6-(butyryl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)-4-(benzoftir-7-yl)-2,5-dioxopyrrole 


MS(ES):in/z = 452.3 
OVT+l) 


323 


3-(6-(2-methylpropionyl>-6,7-dihydro-6H-[l,4]di- 

azepino[6J4-M]indol-l-yl)-4-(benzofur-7-yl^ 

dioxopyrrole 


MS(ES):m/z = 454.2 
(M*+l) 
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324 


3-(6-(jpn)pionyl)-6,7-dihydro-6H-[l,4]diazepino- 
r6J,l-hilm(IoI-l-vl)-4-f5-fluoiobeii2ofur-7-vlV-2^- 

dioxopyrrole 


MS(ES): m/z = 457.9 


325 


3-(6-(butyryl>6J^ydro-6H-[l,4]diazepmo[6,7,l- 

hi]indol-l-yl)-4-(5-fluorotenzofiir-7-yl)-2,5- 

dioxopycrole 


MSOES): m/z = 471.9 
(M*+l) 


326 


3K6-(2-methylpropionyl)-6,7-dihydro-6H-[l,4]di- 

azepino[6,7,l-hi]indol-l-yl)-4-(5-£luan)benzofur-7- 

yl>2,5-dioxopyrrole 


MS(ES): m/z = 471.9 
(M*+l) 


327 


3-(6-(N-methylanrino(carbonyl))-6,7-dihydro-6H- 
[ 1 ,4]diazepino [6,7, 1 -hilindol- l-vlV4-f 5-fluoiobenzo- 
fur-7-yl)-2,5->dioxopym)le 


MS(ES): m/z = 458.8 


328 


3K6-(NJ^-dimethylamino(carbonyl))-6,7-dfflhydro^^^ 
[ 1 ,4]diazepino[6,7, l-hi]indol-l-yl)-4-(5-fluorobenzo- 
fur-7-yl)-2,5"dioxopyiTole 


MS(ES): m/z = 473.1 


329 


3-((6-(moiphoUn-4-yl)cart)onyl)-6J-<lihydn)-6H- 
[ 1 ,4]diazepino[6,7, 1 -hi]indol-l-yl)P-4-(5-fluarobenzo- 
fur-7-yl)-2,5-dioxopyiTole 


MS(ES): m/z = 515.1 


330 


3-(8-(butyryl>[l,5]diazoperhydixx)nm(>.[8,9,l-hi]- 

indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)-2^- 

dioxopyrrole 


MS(ES): m/z = 482.3 
OMT+I) 


331 


3-(8-(isobutyryl)-[l,5]diazoperhydroonino-[8,9,l-hi]- 

mdol-l-yl)-4-(iiDida2o[i;2-a]pyridin-3-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 482.3 
(M*+l) 


332 


3-(6-(N-[methyl]aminocarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]iiidol-l-yl)-4-(benzofur-7-y])- 

2^-dioxopyiiole 


MS(ES): m/z = 441.1 
(M^+1") 


333 


3-(6-(butyryl)-5,6.7,8-tetrahydio-6H-[l ,4]diazo- 

cinor7,8J-hi]mdol-l-vl)-4-(imidazori.2-aloYridin-3- 

yl>-2,5-dioxopyrrole 


MSCES): m/z = 468.6 


334 


3-((6-(piperidm-l-yl)carbonyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,7,l-hi]indol-l-yl)-4-(imdazo[l ,2- 
a]pyridin-3-yl)-2,5-dioxopycrole 


MS(ES): m/z = 495.1 


335 


3-((6-(pyrrolidin-l-yl)carbonyl)-6,7--dihydro-6H- 
[1 ,4]diazepino[6 J J-hi]indol-l-yl)-4-(imida2o[l ^- 
a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 481.1 
CM*+1) 


336 


3-((5-methyl-6-(morpholin-4-yl)carbonyl)-6,7- 

dihydto-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 

(iinidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyn:ole 


MS(ES): m/z = 511.1 
(M*+l) 


337 


3-((4-methyl-6-(morpholin-4-yl)carbonyl)-6J- 
dihydro-6H-[l ,4]diazepmo[6,7,l-hi]indoH-yl>4- 
(iinidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 511.2 
(M*+l) 


338 


3-((6-octanoyl)-6,7-dihydro-6H-[l,4]diazepinQ[6,7.1- 

W]mdol-l-yl)-4-(iniidazo[l^a]pyridin-3-yl)-2,5- 

dioxopynole 


MSCES): m/z = 510.2 
(M*+l) 
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339 


3-((4,4-dimethyl-6-(morpholin-4-yl)caibonyl)-6,7- 
dihvdio-6H-ri.41diazeDinor6.7.1-hi1indo1-l-v1V4- 

(imidazo[l,2-a]pyridin-3-yl>2,5-dioxopynx>le 


MSCES):in/2 = 525.0 


340 


3<(8-fluoro-6-(morpholin-4-yl)carix)nyl)-6J-dihydro- 
6H-ri ,41diazepiiior6.7.1-hilindol-l-vn-4- 
(imidazo[l,2-a]pyridin-3-yl>2,5-<iioxopynrole 


MS(ES):ni/z = 513.0 


341 


3<(6-NJ^-[dimethyl]amincK:arbonyl)-6J-<iihydr^ 
[1 »4]diazepino[6,7, 1 -hi]indoI- 1 -yl)-4-(6-fluofoiinid- 
azo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MSCES):ni/z=: 473.1 


342 


3-((6-isobutyryl)-6,7-dihydn)-6H-[l,4]diazepino- 
[6,7 , 1 -hilindol- 1 -yl)-4-(6-fluoroiinidazo[ 1 ,2- 
a]pyridin-3-yl)-2,5-dioxopynole 


MS(ES):in/z = 472.1 


343 


3-((6-(moipholin-4-yl)caibonyl)-6,7-dihydio-6H- 
[ 1 ,4] diazepino [6,7 , 1 -hi]indol- 1 -yl)-4-(8 -^yanoimid- 
azo[l,2-a]pyridin-3-yl>2,5-dioxopyrrole 


MS(ES):m/2 = 522.1 


344 


3-((6-(piperidin-l-yl)caibonyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,74-W]indol-l-yl)-4-(8-cyanoiiiiid- 
azo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):in/z = 520.0 


345 


3-((6-(morpholin-4"yl)carbonyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,7, l-hi]indol-l-yl)--4-(8-aininoimid- 
azo[l ^-a]pyridin-3-yl>2,5-dioxopynole 


MS(ES): m/z = 512.2 


346 


3-((8-(niorpholin-4-yl)carbonyl)-[l ,5]diazoperhydro- 
onino [8 ,9, 1 -hi]indol- l-)4)-4-(6-iiiethyl--iinida2o[l ,2- 
a]pyridin-3-yl)-2,5-dioxopytrole 


MS(ES):in/z = 586.9 


347 


3-((6-(morpholm-4-yl)caibonyl)-6,7-dihydro-6H- 
ri.41diazeDmor6 7 l-hi1mdol-l-vD-4-r6 8-dirnethvl- 
iimdazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):iii/z = 523.0 


348 


3-((6-(rQorpholin-4-yl)caibonyl)-6,7-dihydro-6H- 
n .41diazeDiiior6.7. l-hi1indol-l-vn-4-C6-methvl-8- 
bromomiidazo[l,2-a]pyridin-3-yl)-2,S-dioxopy]ToIe 


MS(ES): m/z = 586.9 


349 


3-((6-(morpholin-4-yl)caiboiiyl)-6,7-dihydro-6H- 
[ 1 ,4] diazepino [6,7 , 1 -hiJindoU -yl)-4-(iniidazo[ 1 ,2- 
a]pyrazin-3-yl)-2,5-dioxopyiTole 


MS(ES):in/z = 498.2 


350 


3-((6-(piperidin-l-yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iiiiidazo[l,2- 

a]pyra2in-3-yl)-2,5-dioxopyrrole 


MS(ES):in/z = 496.2 
OfT+l) 


351 


3-((6-(piperidin-l-yl)carbonyl)-6,7-dihydro~6H- 

[l,4]diazepino[6,7,l-hi]mdoH-yl>4-(iinidazo[l^ 

b]pyridazin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 496.1 
CM*+1) 


352 


3-((6-(isopropoxy)caibonyl>6,7-dihydro-6H- 

l,4]diazepino[6J4-hi]indol.l-yl)-4-(imidazo[l,2^ 

3]pyridazin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 502.0 


353 


3-{(6-{piperidin-l-yl)carbonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yI)-4-(6-methyl- 
iinidazo[l ,2-b]pyridazin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 510.1 
CM^+1) 
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354 


3-.((6-(isopropyl)-6,7-<lihydro-6H-[l ,4]diazepino- 

[6Ja-hi]indol-l-yl)-4-(5,6J.8-tetrahydrDiimdazotl,2 
b]pyridin-3-yl)-2.5-dioxopyrrole 


MSCES):ni/z = 458.2 1 
- (KdT+l) 


355 


3-((6-(N J>f-diiiiethyl]aimnocarbonyl)-6 J-dihydio-6H 
[l,4]diazepino-[6,7,l-hi]mdol-l-yl)-4-(5,6.7,8- 
teti^ydroiinidazo[l,2-b]pyridin-3-yl>2,5- 
dioxopyrrole hydrochloride 


MSCES):m/z = 459.2 
(M*+l) 


356 


3-(6-((isopropoxy)carbonyl>6,7^ydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl>4-{6-methyl- 
imidazofl .2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):ni/z = 483.9 
(M*+l) 


357 


3-(6-{(isopropoxy)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepmo[6,7,l-hi]mdol-l-yl)^7-methyl- 

imida2o[l,2-a]pyridin-3-yl)-2.5-dioxopym)le 


MS(ES):ni/z = 484.0 
(M*+l) 


358 


3-(6-((isopropoxy)carbonyl)-6,7-dihydro-6H- 
[1.4]diazepino[6,7,l.hi]indoH-yl)-4-(8-methyl- 
miidazo[l ;2-a]pyridm-3-yl)-2,5-dioxopyiTole 


MSCES):m/z = 484.0 
(M*+l) 


359 


3-(6-((morphoIin-4-yl)carbonyl>6,7-dihydro-6H- 

Il,4]dia2epuio[6,7,l-hilindoH.yl)-4-(2-methyl- 

imida2o[l^-a]pyridin-3-yl)-2,5-dioxopyiTOle 


MS(ES):m/z = 509.0 
(M^+1) 


360 


3-((6-(morpholin^yl)caibonyl)-6,7-<lihydix>-6H" 

[l,4]diazepino[6,7,l-hi]indoH-yl>4-(6-methyl- 

imidazo[l,2-a]pyridin--3-yl)-2.5-dioxopyrn)le 


MS(ES):ni/z = 508.9 
(M*+l) 


361 


3-(9-fluoro-6-((morpholin-4-yl)caibonyl>6J-dihydro- 

6H-[1.4]diazepino[6,7,l.hi]indol-l-yl>4-(6-inethyl- 

iimdazori,2-a]pyridin-3-yl)-2,5-dioxopynx)le 


MS(ES):m/z = 527.0 
(M*+l) 


362 


3-(6-((morphoIiii-4-yl)carbonyl)-6,7-dihydro-6H- 
:i,4]diazepino[6,7,l-hi]iiidoH-yl)-4-(5-methyl- 
imidazoCl .2-a]pyridiii-3-yl)-2,5-dioxopycrole 


MS(ES):m/z = 509.0 
(M'+l) 


363 


3-(9-fluoro-6-((isopropoxy)caibonyl)-6,7-dihydro-6H- 

:i,4]diazepmo[6,7.1-hi]indol-l-yl)4-(8-methyl- 

iimdazo[l^a]pyridin-3-.yl)-2,5-dioxopynx)le 


MS(ES):in/z = 488.1 


364 


3-(6-((isopropoxy)carbonyl)-6,7-dihydn)-6H- 

[l,4]diazepino[6J4-hi]indol-l.yl)-4-(8-fluaroiniid- 

azo[l,2-a]pyridin-3-yl)-2,5-dioxopYiTOle 


MS(ES):m/z = 488.2 
CM*+1) 


365 

( 


3.(9-flu<m>-6-((piperidin-l-yl)caitonyl>6jKlihydiD^ 
5H-[1 ,4]dia2epino[6,7,l-hi]indol-l-yl)-4- 
[uniaazoi pynam-o-yi>z,3-cuoxopyrrole 


M[S(ES):m/z = 513.2 
(M*+l) 


366 

i 


H6K(niorpholin-4-yl)carbonyl)-6.7-dihydro-6H- 

l,4]diazepino[6ja-hi]mdol-l-yl)-4-(6-fluoiDiinid- 

izo[l,2-a]pyridin-3-yl)-2.5-dioxopyiTole 


MS(ES):m/z = 515.1 
Cwr+l) 


367 ] 

I 

£ 


J-(6-(^ipendin-l-yl)cart)onyl)-6,7-dihydio-6H- 
l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(8-fluoiomiid- 
izo[ 1 .2-a]pyridin-3-vl)-2,5-dioxopyiiole 


^QBS):m/zs 513.0 


368 2 
I 

2 


K6-(butyryl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 

d]indol-l-yl)-4-(6-methyliinidazoIl,2-a]pyri<lin-3-yl> 
t,5-dioxopynx)le 


^S(ES):m/z=:468 1 
M*+l) 
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369 


3^:6-(biityiyl)-6J-dihydro-6H-[l,4]ddazepino[6,^ 
hi]indol-l-yl)-4-(7-metlioxyimidazo[l ,2-a]pyridin-3- 
yl)-2,5-dioxopyrrole 


MS(ES):in/z = 484 
^M^+1^ 


370 


3-{6-(isopropoxycarbonyl)-6,7-dihydro-6H-[l,4]diaze- 

pino[6ja-hi]indol-l-ylM-(7-methoxyiimdazo[l^- 

a]-pyridin-3-yl)-2,5-dioxopycrole 


MS(ES): m/z = 500 
(M*+l'i 

VAT A ^•M.J 


371 


3K6K(piperidm-l-yl)cari5onyl)-6jHiihydio-6H-[l,4]^ 
diazepmo[6J4-hi]indol-l-yl)-4-(7-inethoxyimidazo- 
[l^a]pyridiii-3-yl>-2^-dioxopyTrole 


MSCES):m/z = 525 
Otf^+1) 


372 


3-(6K(moipholin-4-yl)carbcttiyl)'^J-<JihydrD-6H- 

[l,4]-dia2epino[6,7,l-hi]indoH-yl)-4-(8- 

fluoroimidazo[l,2-a]pyridin-3-yl)-2,5-dioxopYirole 


HRMS(ES):m/z = 
515.1849 


373 


3-(6-<(moiphoUn-4-yl)carbcmyl)-6,7-dihydro-6H- 

[l,4]-diazepmo[6,7,l-hi]indol-l-yl)-4-(8-methoxy- 

imidazo[l,2-a]pyridin--3-yl)-2,5-dioxopycrole 


MS(ES): m/z = 527.2 


374 


3-(6-((moipholiB-4-yl)carboii^)-6,7-dihydn>-6H- 
[l,4]-diazepiiio[6,7,l--hi]mdoH-yl)-4-(8-benzyloxy- 
imidazo[1.2-a]pyridin-3-yl)-2,5-dioxopyiTOle . 


MSCES): m/z = 603.2 
(M*"+l) 


375 


3-(6-((morpholin-4-yl)carbonyl)-6J-^ydro-6H- 
[l,4]-diazepmo[6,7,l-hi]mdoH-yl)-4-(7- 
chloioiinidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyiTole 


MSCES): m/z = 530.9 
(M*+l) 


376 


3K6-((piperidin-l-yl)carbonyl>6,7-dihydn)-6H-[ 
dia2epino[6,7,l-hi]mdol-l-yl)-4-(8-methoxy- 
iimdazo[l ,2-a]pyridin-3-yl)-2,5-d[oxopynx)le 


MS(ES): m/z = 525.0 


377 


3-(6-((isopropoxy)caibonyl>6,7-dihydro-6H-[l,4]- 

diazepmo(6,7,l-hi]indol-l-yl)-4-(8-inethoxy- 

imidazo[l,2-a]pyridin-3-yl)-2.5-dioxopyiTole 


MSCES): m/z = 499.9 
(M^+l) 


378 


3-(6K(piperidin-l-yl)carbonyl>6J-<miydn)-6^ 

diazepino[6,7,l-hi]indoH-yl)-4-(7- 

cMoroiniida2o[l,2-a]pyridin-3-yl)-2,5-Kiioxopyrrole 


MS(ES): m/z = 546.9 
(M*+l) 


379 


(4y->3-(7-methyl-6-isobutyryW,7-dihydn)-6H- 

;i,4]diazepino[6,7,l-hi]indol-l-yl)-4-(imidazo[l^-a]- 

pyridin-3-yl>2,5-dioxopyiToIe 


HRMS:m/z = 
468.2031 


380 


(-)-3-(7-inethyl-6-isobutyryl-6,7-dihydio-6H- 
1 ,4]diazepino[6,7, 1 -hi]indol-l-yl)-4-(iniidazo[l ,2-a]- 
pyridiii-3-yl>2,5-dioxopyrrole 


HRMS: m/z = 
468.2006 


381 


:+>-3-(7-methyl-6-isobutyiyl-6,7-dihydix>-6H- 

:i,4]diazepino[6J4-W]indol-l-yl)-4-(iimdazo[l^a]- 

pyridin-3-yl)-2,5-dioxopyiTole 


HRMS: m/z = 
468.2040 


382 


(+)-3-(7-inethyl-6"(NJ>I-[dimethyl]aminocarbonyl)- 
6J-^ydn)-6H-[l,4]diazq)ino[6J4-hi]indol-l-yl>4- 
(iinidazo[l ;2-a]pyridin-3-yl>2,5-dioxopyrrole 


HRMS: m/z = 
469.1981 (M*+l) 


383 

1 


(+>3-(7-methyl--6-(N^-[dimethyl]aminocarbonyl)- 
6J-dmydro-6H-[l,4]diazepino[6,7.1-hi]indol-l-yl>4- 
;iiiiidazo[l^-a]pyridiii-3-yl)-2,5-dioxopyrrole 
hydrochloride 


MS(ES): m/z = 496.1 
CM*+1) 
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384 


(-)-3-(7-niethyl-6-(NJ^-[diinethyl]aniinocaibonyl)- 
6,7-dihydio-6H-[l,4]diaz^o[6.7,l-hi]indol-l-yl)-4- 


HRMS:in/z = 
496.1990 


385 


(->3-(7-methyl-6-(N,N-[dimethyl]aminocarbonyl)- 
6J-^ydro-6H-[l,4]diazepino[6,7.1-hi]indol-l-yl)-4- 
f imidazor 1 .2-al-DYridin-3- vD-2.5-dioxoovtrole 
hydrochloride 


MS(ES):m/z = 496.1 

awr+i) 


386 


(+/->3-(7-methyl-6-((moipholin-4-yl)carbonyl>6,7- 
dihydro-6H-[l ,4]diazepino[6,7, l-hi]indol-l-yl)-4- 
(imidazo[l,2-a]pyridm-3-yl)-2,5-dioxopyrrole 


HRMS:in/z= ' 
Sil.2085 


387 


(+)-3-(7-methyl-6-((morpholin-4-yl)carbonyl)-6J- 
dihydio-6H-[ 1 ,4]diazepino[6,7 , l-hi]indol- 1 -yl)-4- 
(iimdazo[l,2-a]-pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES):in/z = 511.1 


388 


(-)-3-(7-xnethyl-6-((morpholin-4-yl)carbonyl)-6,7- 
dihydro-6H- [ 1 ,4] diazepino [6,7, 1 -hi]indol- l-yl)-4- 
(iniidazo[l ,2-a]-pyridin-3-yI)-2,3-dioxopy£role 


MS(ES):iii/z = 511.1 


389 


3-(6-((piperidiii-l-yl)caibonyl)-6,7-dihydro-6H- 
[ 1 ,4] diazepino [6,7 , l-hi]indol- 1 -yl)-4-(7-chloro- 
iiiiidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrDle 


HRMS: m/z = 
529.1170 


390 


(+)-3-(7-methyl-6-((piperidin-l-yl)carbonyl)-6,7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(7- 
chloroirQidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
543.1915 


391 


(->3-(7-methyl-6-((piperidin-l-yl)carbonyl)-6,7- 
dihydro-6H-[l,4]diazepiiio[6,7,l-hi]indoH-yl)-4-(6- 
methylimidazo[ 1 ,2-a]pyridin-3-yl)-2^-dioxopyDX)le 


HRMS: m/z = 
523 2465 


392 


3-(6-((isopropoxy)caibonyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,7, l-hi]indoH-yl)-4-(7-chloio- 
iinidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyiTole 


HRMS: m/z = 
504.1440 


393 


3-(6-((cyclopn)pyl)carbonyl)-6,7-dihydro-6H- 

[1 ,4] diazepino [6,7, 1 -hijindol- 1 -yl)-4-(iiiudazo[l ,2r- 

a]pyridiii-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
452.1706 


394 


3-(6-(isobutyryl>6,7-<iihydro-6H-[l,4]diazepiiio- 

r6,7J-M1indol-l-vl)^fiiiiidazor2.1-b1thiazol-3-vn- 

2,5-dioxopyiTole 


HRMS: m/z = 
460 1443 


395 


3-(6-((morpholin-4-yl)carbonyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,7, l-hi]indol-l-yl)-4-(iiiiidazo[2,l- 
b]thiazol-3-yl)-2,5-dioxopyrrole 


HBMS:in/z = 
503.1494 


396 


3-(6-((piperidin-l-yl)cart)onyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indoH-yl)-4-(thiazolo[3,2- 

b][l,2,4]triazol-6-yl)-2,5-dioxopyiiole 


HBMS: m/z = 
502.1675 


397 


3-(8-((2-methoxyeth-l-oxy)carbonyl)-[l ,S]diazaper- 
hydroonino[8,9,l-hi]indol-l-yl)-4<beiizofur-7-yl^^^ 
dioxopyrrole 


MS(ES):n]/z = 514 
(NT+l) 


398 


3-(6-((isobutoxy)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepiiio[6,7,l-hi]indol-l-yl)-4-(imidazo[l,2- 

a]pyridiii-3-yl)-2,5-dioxopyrroIe 


MS(ES):in/z = 484 
(M*+l) 
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399 


3-(6-((propoxy)carbonyl)-6,7-dihydn>.6H- 

[l,4]diazepino[6J,l-hi]indol-l-yl>4-(inii<ia2o[l,2- 

a]pyridiB-3-yl)-2,5-dioxopyirole 


MS(ES):m/z = 470 
(M*^+l) 


400 


3-(6.((neopentoxy)caibonyl>6,7-dihydro-6H- 

[l,4]diazepino[6J4-hi]mdol-l-yl>4-(iiiiidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES):in/z = 498 
0^+1) 


401 


3-(6-((2-fluoioeth-l-oxy)caibonyl>6,7-dihydit)-6H- 
[l,4]diazepino[6J4-hi]mdol-l-yl)-4-(iniidazo[l,2- 
a]pyridin-3-yl)-2.5-dioxopyax)le 


MS^):m/z = 474 
{M*+l) 


402 


3-(6-((phenoxy)carbonjl)-6,7-dihydn)-6H- 

[l,4]diazepiBo[6J4-hi]indol-l-yl)-4-(imidazo[l,2- 

a]pyridin-3-yl)-2^-dioxopynole 


MS^):in/z = 504 
(M*+l) 


403 


3-(6-((isopropoxy)carbQnyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]mdoH-yl)^(6-methoxy- 
imidazon »2-a]pyridin-3-yl)-2,5-dioxopycrole 


MSCES):m/z = SOO 
(1^+1) 


404 


3-(6-((piperidin-l-yl)caibonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]mdol-l-yl)-4-(6-methoxy- 
imidazo[l ^-a]pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES): m/z = 525 
(NfT+l) 


405 


3-(6-((isobutoxy)caiboiiyl)-6,7-dihydK)-6H- 
[l,4]diazepmo[6,7,l-hi]indol-l-yl)-4-(6-chloiD- 
iniidazo[l .2-a]pyridin-3-yl)-2.5Hiioxopyirole 


MS(ES): m/z = 518 

d^r+i) 


406 


3-(6-((piperidin-l-yl)caibonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7.1-hi]indol-l-yl)^(6-chloix)- 
ij3iidazo[l^a]pyridm-3-yl)-2,5-dioxopyirole 


MS(ES):m/z = 529 
(lvr+1) 


407 


3-(6-((piperidin-l-yl)carboiiyl)-6,7-dihydro-6H- 
[l,4]diazepmo[6,7,l-hi]indol-l-yl)-4-(6-bromo- 
iimdazo[l^-a]pyiidin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 574 
(M*+l) 


408 


3-(6-((isopropoxy)carbonyI)-6,7-dihydro-6H- 
:i,4]diazepino[6,7,l-hi]indol-l-yl)-4-(7-ethyl- 
imidazoCl ^a]pyridin-3-yl)-2.5-dioxopyiTole 


MS(ES):m/z = 498 

OvT+l) 


409 


3-(6-((piperidin-l-yl)carbonyl)-6,7-dihydiD-6H-' 

:i,4]diazepino[6,7,l-hi]indoH-yl)-4-(7-ethyl- 

mudazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 523 
(M*+l) 


410 


3-(6-((2-medioxyedi-l-oxy)carbonyl)-6,7-dihydro-6H- 

;i,4]diazepino[6,74-hi]indol-l"yl)l4-(mndazo[l^- 

ajpyndin-3-yl>2,5-<iioxopyiTOle 


MS0ES):m/z = 486 
(M*+l) 


411 


3-(6-((piperidin-l-yl)cailx>nyl)-6,7-dihydn)-6H- 

;i,4]diazepino[6,7,l-hi]indoI-l-yl)-4-(6-isopiopyl- 

imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrTole 


MS(ES): m/z = 537.4 


412 


3-(6-((isopropoxy)cart)onyl)-6,7-dihydrD-6H- 

:i,4]diazepino[6,7,l-hi]indol-l-yl)-4-(6-isopiopyl- 

imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyirole 


MBCES): m/z - 512.4 
3Wr+l) 


413 : 
1 

2 


J-(6-((morpholin-4-yl)carbcmyl)-6,7-dihydiD-6H- 

;i,4]diazq)ino[6J4-hi]indol-l-yl)-4-{miidazo[l,2- 

i]pyrinudlin-3-yl)-2.S-dioxopy[role 


SISCES): m/z = 496.1 
M^+1) 
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414 


3-(6-((pipmdm-l-yl)carbonyl)-6,7-<3ihydio-6H- 

n 41diaTef)iTmrA 7 1-lii1iTidn1-1 -vIV-^— /imiHaTnn 0~ 

a]pyrimidin-3-yl)-2,5-dioxopyiiDle 


MS(ES):2ii/z = 496.1 


415 


3-(6-((isopropoxy)caibonyl>6,7-dihydro-6H- 

ri 41diazeDinor6 7 l-hiliiidol-l-vlV-4-riiiMdazori.^ 

a]pyriinidin-3-yI)-2,5-dioxopytrole 


MS(ES):iii/z = 471.1 


416 


3-<6-((morpholin-4-yl)carboTiyl)-6,7-dihydro-6H- 
ri 41diazeDiiior6 7 l-liilindol-l-vlV-4-r7-aiTiino- 
iimdazo[l ,2-a]pyrimidin-3-yl>2,5-dioxopyrrole 


MS(ES):in/z = 513 


417 


3-(6-((morphoUn-4-yl)caibonyl>6,7-dihydro-6H- 
ri 41diazeDinor6 7 l-hilindDl-l-vn-4-/^iiTiidflzori 2- 
c]pyrimidin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 498 

\XVX TX^ 


418 


3-(6-((piperidin-l-yl)caibonyl)-6J-<iihydit)-6H- 
ri .41diazeDiiior6.7 l-hilindol-l-vn-4-^7 -amino- 
inMdazo[l^-a]pyiiDQidin-3-yl)-2,5-dioxopyiTOle 


MS(ES):in/z = 5113 

V^VX TXy 


419 


3-(6-((piperidin-l-yl)carbonyl>6J'^ydio-6H- 
n 41diazeoinor6.7 l-hilindol-l-vn-4-r6-ethvl- 
imdazo[l ,2-a]pyrimidm-3-yl)-2,5-dioxopym)le 


MS(ES):m/z = 523 

VIVX TX/ 


420 


3K6K(«tipropylamino)carbonyl>6,7-dihydro-6H-[l,4]- 
dia2eDitior6.7.1-hilindol-l-vlV4-^^4 5 6 7-tetralivdro- 
pyrazolo[ 1 ,5-a]pyridin-3-yl)-2,5-dioxopyn:ole 


HRMS:in/z = 
515 2756(M*"+l'i 


421 


3-(6-((dipropylamino)carbonyl)-6,7-dihydro-6H-[ 1 ,4]- 
diazeiiinor6 7 l-hilindol-l-vlV-4-rovrazolori 5-a1- 
pyridin-3-yl)-2,5-ddoxopym)le 


HRMS:in/z = 
511 2440 (M*+l^ 


422 


3-(6-({dibutylamino)caibonyl>6,7-dihydro-6H-[l,4]- 
diazeDinor6 7 l-hilindol-l-vl^-4-rimidflzori 2-al- 
pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
539 2751 rMr^+l'i 


423 


3-(6-{isobutyryl)-6,7-dihydro-6H-[l ,4]-diazq)ino- 

[6,7,l-hi]indoH-yl>4-(pyrazolo[l,5-a]pyridin-3-yl)- 

2^-dioxoDvrft)le 

fcf|iif^^l»>rfl> rlrjl 1 T f IW 


HRMS: m/z = 
454.1879 OVT+l) 


424 


3-(6-((dimethylainino)caibonyl>6,7-dihydro-6H- 

[l,4]Hdiazepmo[6,7,l-hi]indol-l-yl)-4-(pyrazolo[l,5- 

a]-pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
455,1832 GVr+1) 


425 


[6J4-hi]indol-l-yl>4-(4^,6,7-tetrahydropyrazolo- 
[l^-a]pyridin-3-yl>-2,5-dioxopynole 


XXXVLVXO* WM £* — 

458.2192 (NT+I) 


426 


3 -(6-((dimethylammo)carbc)nyl)-6,7-dihydio-6H- 
[l,4]-diazepino[6,7,l-hi]indoH-yl)-4-(4,5,6,7- 
teti^ydiT>-pyrazolo[l,5-a]-pyridin-3-yl)-2,5- 
dioxopynole 


HRMS: m/z s 
459.2145 (NT+I) 


427 


3K6-((morpholin-4-yl)caibonyl)-6,7-dihydn>-6H- 
[l,4]-diazepino[6,7,Mii]indol-l-ylM-(4,5,6,7- 
tetrahydro-pyrazolo[l,5-a]pyridin-3-yl)-2^- 
dioxopynole 


HRMS: m/z = 
501.2250 (M*+l) 


428 


3-(6-((dipropylaniino)carbonyl)-6,7-dihydro-6H-[l,4]- 

dia2epino[6,7,l-hi]indoH-yl)-4-(iimdazo[l,2-a]- 

pyridin-3-yl)-2^-dioxopyirole 


HRMS: m/z = 
511.2458 (M*^+l) 
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429 


3-(6-((m(npholiii-4-yl)caiboiiyl)-6,7-dihydro-6H- 
[1 ,4]-diazqHiio[6,7,l-hi]indol-l-yl)-4-(pycazolo[l ^ 

al-o"vridin-3-vlV2 S^iioxonvnole 


HRMS:id/z = 
497.1937 (NT+I) 


430 


3-(6-((moipholm-4-yl)carbonyl)-6,7-dihydio-6H- 

[l,4]-diazepmo[6,7,l-hi]indoH-yl)^(5,6,7.8- 
tctrahydio-iiiiidazo[l ,2-a]pyiidin-3-yl)-2,5- 
dioxopyiiole 


HRMS:in/z = 
501.2250 fM**+l'^ 


431 


3-(6-((dipropylamino)carbonyl)-6,7-dihydro-6H-[l,4]- 
diazepino[6,7, 1 -hi]indol- 1 -yl)-4-(5 ,6 ,7,8-tetrahydn>- 
iinidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
515 2771 fM*^+D 


432 


3-(9-chloro-6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 
indol- 1 -yl)-4-(inudazo[l ,2-a]pyridin-3-yl)-2,5 - 
dioxopyrrole 


HRMS:m/z = 
418.1071 


433 


3-(9-chIoK)-6-((mQrpholin-4-yl)caitK)nyl)-6J-dihydro 

6H-[l,4]diazepino[6,7,l-hi]indol-l-yl>4- 
(imidazo [ 1 ^-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: miz = 
531.1548 (M*+l) 


434 


3-(9-chloro-6-((dipropylamino)carbonyl>6,7-dihydro- 
6H-[ 1 ,4]dia2epino[6,7, l-hi]indol-l-yl)-4- 
(imidazo[l ^-a]pyridin-3-yl)-2,5-dioxopynole 


HRMS:m/z = 
545.2068 Qs/t+\) 


435 


3-(6-((diethylaimno)caibonyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,7, 1 -hi]indol-l-yl)-4-(imidazo[ 1 ,2- 
a]pyridin-3-yl)-2,5-dioxopycrole 


HRMS:m/z = 
483.2145 fM^+l'J 


436 


3-(6-((4-phenylpyrazin-l-yl)carbonyl)-6,7-dihydiD- 
6H-[1 ,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(iinidazo[l,2-a]pyridin-3-yi)--2,5-dioxopyrrole 


HRMS: m/z = 
572 2410 fM**+l^ 


437 


3-(6-((ds-2,6-dimethylmorpholin-4-yl)carbonyl)-6,7- 

dihydro-6H-[l,4]diaMpino[6,7,l-hi]indol-l-yl)-4- 

(iinidazotl,2-a]pyridin-3-yl)-2,5-dioxopyirole 


HRMS:m/z = 
525.2250 (VT+l) 


438 


3"(6-((4,4-dimethylpiperidin-l-yl)caibonyl)-6,7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]mdoH-yl)-4- 
(imi dazo [ 1 ^-aJpyridui-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
523.2458 0^+1) 


439 


3-(6-((iimdazol-l-yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6J4-hi]indol-l-yl)-4-(imidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
478.1628 (M*-+l) 


440 


3-(6-((cis-2,6-dimethylmoipholin-4-yl)carbonyl)-6,7- 
dihydro-6H-[l ,4]diazepino[6 J J-hi]indol- l-yl>4- 
(5,6,7,8-tetrahydroimidazo[l,2-a]pyridin-3-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 5293 
(M*+l) 


441 


3-(6-((cis-2,6-dimethylmQrpholin-4-yl)carbonyl)-6,7- 

dihydro-6H«-[l,4]diazepino[6,7,l-lii]indol-l-yl>4- 

(pyiazolo[l,5-^1pyiidin-3-yl)'2,S-^oxopyxiole 


HRMS: m/z = 
525.2250 (M^+1) 


442 


3-f6-ffcis-2.6-dimethylmorpholin-4-yl^arbony»"6.7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(4,5,6J-tetn*ydropynu»lo[l^-alpyridin-3-yl)-2,^^ 
dioxopyrrole 


HRMS: m/z = 
529.2563 (M*+l) 
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443 


3-(6-((4-methylpiperaziii-l-yl)caibonyl)-6,7-dihydro- 
6H-[l,4]diazepmo[6,7,l-hi]mdol-l-yl)-4- 
(iiiudazo[l ,2-a]pyridm--3-yl)-2^-dioxopyrrole 


HRMS:m/z=s 
510.2254 (M^+l") 


444 


3-(9K:Woro-6-((piperidin-l-yl)caibonyl)-6,7-dihydro- 
6H-[1 ,4]diazepmo[6,7, l-hi]iiidol-l-yl>4- 
(imi(iazo[l,2-a]pyridin-3-yl)-2.5-dioxopym)le 


HRMS:n)/z = 
529.1775 (M*+l) 


445 


3-(6-(butyryl>6J-dmydro-6H-[l,4]diazepmo[6,7,l- 

hi]mdol-l-yl)-4-(8'K:hloioiinidazo[l^-a]pyridm-3--yl)- 

2^-dioxopyiTole 


HRMS:m/z = 
488.1489 (Wr+1) 


446 


3-(6-((piperidin-l-yl)caitonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]iBdol-l-yl)-4-(8-cMoro- 
iinida2o[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS:in/z = 
529.1775 (KT+l) 


447 


3-(6-((isopn)poxy)carbonyl)-6,7-dihydn>-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-y])-4-(8-chloK>- 

imidazo[l,2^a]pyridin-3-yl)-2,5-dioxopyrmle 


HRMS:ii]/z = 
504.1339 (M++1) 



EXAMPLE 448 
3-(6-glycyl-[lJ]diazopeihydrDomno[8,9a-U]indol-l-yl)-4-(be 
dioxopyzxole tnfiuoroacetate 
5 Combine 3-([l Jldiazopertiydroomno[8,94-hi]mdol-l-yl)-4-(beiiz^^ 

dioxopyrrole (90 mg, 0.22 mmol), N-[tet-butoxycaibonyl]glycine (40 mg, 0.22 mmol), 4- 
NJ^-dimethylaminopyridine (10 mg), triethylamine (0.091 ml, 0.66 mmol) and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiumde hydiochloride (63 mg, 0.33 mmol) in 
dichloromethane (5 ml) and stir at room temperature overnight. Load the leaction 
10 mixture directly onto a 10 gram SCX"** Varian column, wash sequentially with methanol 
and 2.0 M anunonia in methanol. Combine fractions and concentrate under reduced 
pressure. Slurry the residue in dichloromethane (5 ml), add trifluoroacetic acid (1 ml), 
and stir for 1 hour. Concentrate under reduced pressure, treat the residue with diethyl 
ether, and filter the suspension to provide the title compound as a yellow solid, 
15 HEIMS: 469.1891. 



The conqwunds or EXAMPLES 449-482 may be prepared essentially as described 
in EXAMPLE 448. 



Example 


Compound 


Data 


449 


3-(6-(propionyl).5,6,7,8-tetrahydro-6H-[l,4]diazo- 
cino[7,8,i-hi]indol-l-yl)-4-(imida2o[l,2-a]pyridin-3- 

yl)-2,5-dioxopyrrole 


MS(ES):m/z = 454.5 
(M^+1) 


450 


3-(6-(butyryl)-5,6,7,8-tetrahydro-6H-[l,4]diazocino- 
[7,8,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl> 
2,5-dioxopytrole 


MS(ES):m/2 = 468.6 
(M*+l) 
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451 


3-(6<isobutycyl>5,6,7,8-teti:ahydiD-6H-[l,4]diazo- 

cino[7,8,14ii]indol-l>yl)-4-(iDudazo[ly2-a]pyddliii'3- 

yl)-2,5-dioxopyrrDle 


MS(ES):m/z = 468.6 


452 


3-(6-(isobxityryl>5,6J,8-tetrahydro-6H-[l,4](iiaz(> 
cino[7,84-hi]indol-l-yl)-4-(furo[3,2-c]pyridin-7-yl)- 
2,5-dioxopyrrole hydrochloride 


MS(ES):n)/z = 469.2 
(M*^+l) 


453 


3-(6-(niethoxyethoxyacetyl)-5,6,7,8-tetrahydro-6H- 
[1 ,4]diazodno[73,l-hi]indol-l-yl>4-(beiizofur-7-y^^ 
2,5-dioxopycrol6 


MS(ES):ni/z = 514.2 
CM*+1) 


454 


3-(6-(methoxyethoxyacetyl)-5,6J3-tetrahydro-6H- 
[l,4]diazocino[7,84-hi]indol-l-yl)-4-(benzo- 
[13] dioxol-4-yl)-2,5-dioxopynole 


MS(ES):in/z = 518.2 
(M*+l) 


455 


3-<6-<(l-(tert-butoxycari)6nyl)piperidin-4- 
yl>catbonyl)-5,6,7,8-tetrahydro-6H- 
[l,4]diazocmo[7,8.1-hi]indoH-yl)-4-{furo[3^- 
c]pyridin-7-yl>2,5-dioxopyrrole 


MS(ES):in/z = 610.2 
(M^+1) 


456 


3-(6-(pyrazm-2-ylcaibonyl)-5,6,7,8-tetrahydro-6H- 

[l,4]diazocino[7,84-W]indol-l-yl)-4Kbenzofur-7-yl)- 

2,5-dioxopycrole 


WSMS : m/z = 
504.1678 (M*+H) 


457 


3-(6-(propionyl)-6,7-dihydix)-6H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl)-4-(2,3-dihydrobenzo[l,4]dioxin-4-yl)- 

2,5-dioxopyrrDle 


HRMS:m/z = 
458.1729 (M*^+H) 


458 


3-(6-(methoxyeaioxyacetyl>6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(beiizofur-7-y0^ 

2,5-dioxopyrrole 


MSOES): m/z = 500 


459 


3-(6-(N^-diinethylglycyl>6,7-dihydro-6H- 

[l,4]diazepino[6J4-hi]indol-l-yl)-4-(ben2ofiir-7-yl)- 

2,5-dioxopyrrole 


MS(ES):iii/z = 469 
(M*+l) 


,460 


3-(6-((pyridin-3-yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6J4-hi]indol-l-yl)-4-(benzofur-7-yl)- 

2,5-dioxopyirole 


MS(ES):m/z=:489 
(NT+I) 


461 


3-(6-(pyrazin-2-ylcarboiiyl)-6,7-dihydro-6H- 

[1 ,4]diazepino[6 J J-hi]indol-l-yl)-4-Cbenzofur-7-yl)- 

2,5-dioxopyn:ole 


MS(ES): m/z = 490.2 
(M^+1) 


462 


3-(8-(isobutyryl)-[l,5]diazoperhydroonino[8,9,l-hi]- 

indol-l-yl)-4-{benzo[l,3]dioxol-5-yl)-2,5- 

dioxopyrrole 


HRMS: m/z = 
486.2029 (M^+H) 


463 


3-(8-(NJTKfiniethylglycyl)-[l,5]diazoperhydroonino- 

[8.94-hi]-mdol-l-yl)-4-(benzoftir-7-yl>2,5- 

dioxopyrrole 


MS(ES):m/z-497 
(M*^+l) 


464 


3-(8K(pyrazin-2-yi)caibonyl>[l,5]diazopeihydio- 

onino[8,9J-hi]-mdol-l-yl)-4-(beazofur-7-yl^^^ 

dioxopyrrole 


MS(ES):m/z = 518 
OT+l) 


465 


3-(6-(oxoacctyl)-6,7-dihydio-6H-[l,4]dia2epino[6,7,l- 

M]indol-l-yl)-4-(furo[3,2-c]pyridm-7-yl>23- 

dioxopyrrole 


MS(ES): m/z = 456.2 
(NT+I) 



m 
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466 


3-(6-((pyri<Un-3-yl)cart)onyl)-6,7-dihydro-6H- 
[l,4]diazepino[6J,14d]indol-l-yl)-4-(6-inethylimid- 

azo[l^a]pyridin-3-yl>2,5-dioxopyirole 


MS(ES);m/z = 503.0 
(NT+I) 


467 


3-(9-fluoro-6-(3-(morpholin-4-yl)propionyl)-6,7-dihy- 
dn>-6H-[l,4]diazepino[6.7.1-hi]mdoI-l-yl)-4-(iimda- 

zori*2-alDYridin-3-vlV2 5-dioxoovmDle hydrochloride 


MSCES):m/z = 543.0 
(M*+l) 


468 


3-(6-(2,2-'difluoioacetyl)-6,7-dihydro-6H- 

[1 ,4]diazepino[6,74-hi]indol-l-yl)-4-(imidazo[l ^a]- 

pyridin-3-yl)-2,5-dioxopytrole 


MS(ES):m/z = 462.1 
(M*+l) 


469 


3-(6-((3-(moipholin-4-yl)propionyl)-6,7-dihydio-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(8-fluoio- 

imidazofl 2-al-Dvridiii~3-vlV2 5-dioxoovrro1e 


MS(ES):in/z = 543,2 
CM[*^+1) 


470 


3K6-((3-(moipholin-4-yl)propionyl)-6J-dihydro-6H- 
[l,4]diazepino[6J,l-hi]mdol-l-yl>4-(8-benzyloxy- 
iiiiidazori-2-al-OYridiii-3-vlV2 5-dioxonvnDle 


MS(ES):in/z = 631.2 
CPiT+l) 


471 


3-(6-((tetrahydropyran-4-yl)carbonyl)-6,7-dihydr(>-6H- 

[l,4]diazepino[6J,l-hi]indol-l-yl)-4-(iinidazo[l^- 

a]pyndin-3-yi>2,5-dioxopyrrole 


HRMS: m/z = 
496.1975 


472 


3K6-((pyridin-3-yl)caibonyl)-6,7-dihydro-6H- 

[l,4]diazepmo[6,7,l-hi]indol-l-yl)-4-(miidazo[l^ 

a]pynain-3-yl)-2,5-dioxopyiToIe 


MS(ES):ni/z = 489 

(]vr+i) 


473 


3-(6-((6-methylpyridin-3-yl)carbonyl>6,7-dihydro- 

6H-[l,41diazepino[6,7,l-hi]mdol-l-yl)-4- 

(iinidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):ni/z = 503 
(M*+l) 


474 


3-(6-((pyridin-2-yl)cail>onyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(6-chloro- 

imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 523 

a*t*+i) 


475 


3-(6-((pyridin-3-yl-N-oxide)cart)onyl)-6,7-dihydro- 

6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 

(imidazo[l;2-a]pyiidin-3-yl)-2,S-dioxopyrn>le 


MS(ES):m/z = 505 
(M*+l) 


476 


3-(6-((2-trifluoroinethylpyridin-4-yl)carbonyl)-6,7- 

dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 

(iinidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES):m/z = 557 
(NT+I) 


477 


3-(6-((6-(2-(pynx)lidin-l-yl)eth-l-yl)pyridin-3- 
yl)carbonyl)-6,7-dihydro-6H-[l,4]diazepmo[6,7,l- 
hi]indol-l-^)-4-(iniidazo[l,2-a]pyridin-3-yl)-2,S- 
dioxopynole 


MS(ES):iii/z = 586 
OVT+l) 


478 


3-(6-((5-(metboxycarbonyl)pyridin-2-yl)carbonyl)-6,7- 
dihydro-6H-[l,4]diazepmo[6,7,l-hi]indol-l-yl)-4- 
(imidazo[l ^-a]pyridin-3-yl)-2,5-dioxopyrtole 


MS(ES): m/z = 547 
(M^+1) 


479 


3-(6-((4-(cartx)xy)pyridin-2-yl)caibonyl)-6,7-dihydro- 

6H-[l,4]diazq>ino[6,7,l-Iii]indol-l-yl>4- 

(iiDidazo[l^a]pyri(fin-3-yl)-2,S-dioxopynoIe 


MS(ES): m/z = 533 
(M*+l) 



# 
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480 


3-(6-<(pyrazin-2-yl)caibonyl)-6,7-dihydto-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iniidazo[l^ 

a]pyridm-3-yl)-2.5-dioxopyiTole 


MS(ES):in/z = 490 
(M*+l) 


481 


3-(6-((pyridin-2-yl)carbonyI)-6,7-dihydro-6H- 

[l,4]ciiazq>ino[6,7,l-lu]indol-l-yl)-4-0iiiidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 489 
(M*^+l) 


482 


3-(6-((pyrimidin-5-yl)caibonyl)-6,7-dihydio-fiH- 
[1 ,4]diazepino[6,7,l-fai]indol-l-yl>4-(iinidazo(l ,2- 
a]pyndin-3-yl)-24-dioxqpynole 


MS(ES):m/z = 490 
(M*+l) 



EXAMPLE 483 
R-3-(6-<(l-methylpyrroUdin~l-yl)carbonyl)-6J-dihydro 

hi]indol-l-yl)-4-(iiiiidazo[l^-a]pyridin-3-yl>2,5-<lioxopyTO 
5 Combine 3-(6,7-dihydro-^-[l,4]diazepino[6 J J-hi]mdol-l-yl)-4^ 

a]pyridm-3-yl)-2,5-dioxopyiTole dihydrochloride (175 mg, 0.38 mmol), N-[methyl]-L- 
proline (242 mg, 1.92 mmol), 1-bydroxybenzotriazole (2S9 mg, 1.92 mmol), NJ>T- 
diisopropylethylamine (496 mg, 3.84 mmol) and l-(3-dimetfaylaminopropyl>3-ethyl- 
caibodiimide hydrochloiide (386 mg, 1.92 mmol) in dimethylfomiamide (7 ml) and stir at 
1 0 room temperature for 3 hours. Pour the reaction mixture into saturated aqueous sodium 
bicaibonate (110 ml) and extract with dichloromethane (3 x 100 ml). Dry the organic 
extracts with magnesium sulfate and concentrate under reduced pressure. Subject the 
residue to silica j^l chromatography, eluting with dichloromethane containing 2-15% 
methanol to provide the title compound. 
15 MS(ES): m/z = 495 OVT+l) 



The compounds of EXAMPLES 484-493 may be pr^ared essentially as described 
in EXAMPLE 483. 



K.jilt'lliilJ 


Compound 


Data 


484 


3-(6-(3-(imida2ol-4-yl)propionyl)-6,7-dihydro-6H- 
(l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(imidazo[l,2- 
a]pyridin-3-yl)-2,5-dioxopyiTole 


MS(ES):m/z = 506 
(M^+1) 


485 


3-(6-(l-methyIpiperidin-4-yl)carbonyl)-6,7-dihydn>- 

6H-[l,4]diazepino[6J,l-hi]indol-l-yl)-4-(imidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(BS):m/z = 509 
(M*+l) 


486 


3-(6-(3-(morpholin-4-yl)propionyl>6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(imida2o[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/2 = 525 
(M^+l) 


487 


3-(6-(iniidazol-4-yl)carbonyl)-6J-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl>4-(imidazo[l,2- 

alnvridiTi-3-vlV2.5^ioxonvrm1e 


MS(ES):m/z = 478 
(M*'+l) 
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a]pyridiii-3-yl)-2,5-dioxopynole 




488 


3-(6-(2-(l,l-<lioxothiomorpholin-4-yl)acety]>6,7- 
dihydn)-6H-[l ,4]dia2epino[6,7,l-hi]indol-l-yl)-4- 
(iimdazo[l,2-a]pyridm-3-yl)-2,5-dioxopym)le 


MS(ES):m/z = 559 
(M*+l) 


489 


3~(6-(imidazol-2-yl)carbonyl)-6,7-dihydio-6H- 

[l,4]diazepino[6,74-hi]mdol-l-yl)-4-(iimdazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyn-ole 


MSCES): m/z = 478 
(N<r+1) 


490 


3-(6-(3-(4-nitroimidazol-l-yl)propionyl)-6J-dihydn)- 
6H-[1 ,4]diazepino[6,7, 1 -hi]indol-l-yl)-4-(imida2o[l^ 
a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 551 

(wr+i) 


491 


3-(6-(3-methyl-6J-dihydropyrrolo[l,2-a]imidazol-6- 
yl)carbonyl)-6J-dihydro-6H-[l,4]diazepino[6,7.1- 
W]indol-l-yl)-4-(iinidazo[l,2-a]pyridin-3-yl)-2,5- 
dioxopyrrole 


MS(ES):ni/z = 532 
(M^+1) 


492 


3-(6<4-(4-mtroimidazol-l-yl)butyryI>6,7-dihydn>-6H- 
[l,4]diazepino[6J4-hi]indol-l-yl)-4Kirnidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 565 


493 


3-(6-((azetidin-3-yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6ja-hi]iBdol-l-yl)-4-(iimdazo[l,2- 

a]py]idiii-3-yl>2,S-dioxopyirole 


HRMS: m/z = 
491.1502 (Vr+H) 



EXAMPLE 494 
3-(6K(2Kmoipholin-4-yl)eth-l-yl)oxy)caitK)nyl)-6J-dihyd^ 
[l,4]diazepino[6J4-hi]indol-l-yl)-4-(imidazo[l^.a]pyridin-3-yl>^ 
5 Combine 4-(2-hydrDxyethyl)morpholine (79 mg, 0.60 mmol), 

dihydroxysuccimmid-yl caibonate (228 mg, 0.90 mmol) and trielhylamine (182 mg, 1.80 
mmol) in acetonitrile (4 ml) and stir at room temperature under nitrogen for 40 minutes. 
Add triethylamine (1 ml) and 3-(6,7-dihydio-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopycrole (274 mg, 0.60 mmol) and stir for 30 
10 minutes. Pour into saturated aqueous sodium bicarbonate (1 10 ml) and extract with 

dichloromethane (3 x 100 ml). Combine organic phases and wash with saturated aqueous 
sodium chloride (250 ml), dry over magnesium sulfate, and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with dichloromediane 
containing 1-10% methanol to provide the title compound 
15 MS^): m/z = 541 (NT+l) 
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The compound in the following table may be prepared essentially as described in 
EXAMPLE 494. 



Example 


Compound 


Data 


495 


3-(6~((2-(pyrrolidin-2-on-l-yl)eth-l-yl)oxy)carbonyl>. 
6.7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(imidazoEl ,2-alpyridin-3"yI>2,5-dioxopynole 


MS(ES):ni/z=540 



EXAMELB496 
3-(6-((piperazin-l-yl)caibonyl)-6J-dihydio^-[l,4]tf 

(iniidazo[1.2-a]pyridin-3-yl).2,5-dioxopynx)le 
Addl-methyl-3-((4-(tert-butoxycarbonyl)piperazin-l-yl)cai^ 
iodide (0.925 g, 0.218 mmol) to 3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indoH-yl)-4- 
(imidazo[l,2-a]-pyridin-3-yl)-2,5-dioxopyrrole dihydrochloride (0.50 g, l!09 mmol) and 
triethylamine (0.66 g, 6.58 mmol) in NJ^-dimethylformamide. Stir at 20°C for 6 hours. 
Add 2 M anmionia in methanol (50 ml) and concentrate under reduced pressure. Subject 
the residue to silica gel chromatography, eluting with ethyl acetate to provide an orange 
solid. Dissolve the solid in ethyl acetate (20 ml) and add ethanethiol (0.5 ml) foUowed by 
4 M hydrogen chloride in g-dioxane (20 ml). Stir 1 hour at 20°C. Concentrate under 
reduced pressure and subject the residue to preparative reverse phase high pressure liquid 
chromatography (Kromasil KR100-10C18-250P2), eluting with 5-65% acetonitrile in 
0.03% hydrochloric acid to provide the title compound as an orange solid. 
HRMS: m/z = 496.2097 (M*+H) 



The compounds of EXAMPLES 497-501 may be pr^ared essentiaUy as described 
in EXAMPLE 496. 



Example 


Compomid 


Data 


497 


3-(6-((NJN-[di-(2-methoxyeth-l-yl)]amino)carbonyl)- 
6,7Mlihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(imidazo[l ,2-a]pyridin-3-yl)-2^-dioxopyrrole 


HRMS:m/z = 
543.2353 (h/t+1) 


498 


3-(6-((NJN-[di-(isobutyryl)]amino)carbonyl)-6,7- 

dihydro-6H-[l,4]dia2epino[6,7,l-hi]indol-l-yl)-4- 

(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS:m/z = 
539.2768 (M^+1) 


499 


3-(6~(([l ,4]oxazepin-4-yl)caibonyl>6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)^imidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyn:ole 


HRMS: m/z = 
511.2103 (M*^+l) 


500 


3-(6-((N J^-[di-(isopropyl)]amino)carbonyl>6,7- 

dihydro-6H-Il,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(imidazo[l •2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
511.2458 (M*+l) 
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501 



3-(6-((piperidin-4-on-l-yl)carbonyl>6,7-dihydro-6H IBKMS: m/z = 



[l,4]diazepmo[6,7,l-hi]indol-l-^)-4-(iiiiidazo[l,2- 
a]pyridin-3-yi)-2,5-dioxopyiTole 



509.1937 avr*^+l) 



10 



15 



EXAMPLE 502 

3<6-(aiiiinosulfonyl)-6J-^ydro-6H-[l,4]diazepmo[6,74-hi]indol^ 

yl)-2,5-dioxopyrrole 
Add3-(6,7-dihydio-6H-[l,4]diazepino[6ja-W]indol-l-yl)-4- 
dioxopyrrole hydtochloride (300 mg, 0.714 minol) and sulf amide (1.0 g, 10.4 mmol) to 
pyridine (20 mL). Reflux and stir und^ nitrogen for 20 minutes, concentrate under 
reduced pressure. Dilute the residue with ethyl acetate, wash sequratially with 0.25 M 
hydrochloric add and aqueous saturated sodium chloride. Dry the organic phase over 
anhydrous magnesium sulfate, filter, and concentrate under reduced pressure. Precipitate 
the residue from ethyl acetate to obtain die tide con^iound as an orange solid (125 mg, 
37%). 

MS(ES): m/z = 463.1 (M+1). 

The compounds of EXAMPLES 503-506 may be prepared essentially as described 
in EXAMPLE 502, 



Example 


Compound 


Data 


503 


3-(6-(aminosulfonyl)-5,6,7,8-tetrahydro-6H-[l,4]- 
dia2ocino[7,8, 1 -hijindoI-1 -yl)-4-(finx)[3,2-clpyridin-7- 
yl)-2,5-dioxopyiioIe hydrochloride 


MS(ES): m/z = 478.1 
(M^+1) 


504 


3-(6-(ammosulfonyl>6,7-dihydro-6H-[l,4]diazepino- 
[6,7,l-hi]indol.l.yl)-4.(furo[3,2-c]pyridin-7-yl>2,5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 464.0 
OMT+l) 


505 


3-(6-(aminosulfonyl)-6,7-dihydro^H-[l,4]diazepino- 

[6,7,l-W]indol-l-yl)-4-(5-fluorobenofur-7-)i)-2,5- 

dioxopyrrole 


MS(ES): m/z = 481.0 
(M*+l) 


506 


3-(6-(aminosulfon;^)-6,7-dihydro-6H-[l,4]diazepino- 

[6,7,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)- 

2,5-dioxopycrole 


HRMS: m/z = 
463.1165 



20 



EXAMPLE 507 
3-(6-((l-methyliniLdazol-4-yl)sulfonyl)-6,7-Kiihydro~^ 

yl)-4-(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyirole 
Combine 3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l-M]indol-l-yl)-4-(iniidazo[l,2- 
a]-pyridin-3-yl)-2,5-dioxopycrole dihydrochloride (300 mg, 0.714 mmol), triethylamine 
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(263 mg, 2.63 mmol) and (l-methylimidazol-4-yl)sulfonyl chloride in methanol (15 mL). 
Stir in a sealed vial at room temperature for 2 hours. Filter the reaction mixture, wash the 
recovered solid with methanol, and dry under reduced pressure to provide die title 
compound (242 mg, 70%) as an orange solid. 
5 MS(ES): m/z = 528 (M+1). 

EXAMPLE 508 

3-(6-(NJ^-[dimethyl]amino)sulfonyl)-6,7-dihydro-^-[l,41dia2»pm^ 
4-(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopym)le 

10 Add dimethylaminosulfonyl chloride (0.181 g, 1.26 mmol) to 3-(6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(imida2X)[l,2-a]pyridin-3-yl>2,5^^ 
dihydrochloride (0.577 g, 1.26 mmol) and triethylamine (0.8 ml) in NJ*I-dimethylfQrm- 
amide (5 ml) and dichloromethane (10 ml). Stir at 20°C for 18 hours. Concentrate under 
reduced pressinre and subject the residue to preparative reverse phase high performance 

15 chromatography (Kromasil KR100-10C18-250P2), eluting with 5-70% acetonitrile in 
0.03% hydrochloric acid followed by chromatography on a Varian® BondElut™ SCX 
column, eluting with 2 M anmionia in methanol to provide the title compound (370 mg, 
59%) as an orange solid. 
HRMS: m/z = 491.1502 (M^+H) 



3_(6-(N-Imethyl]aminocari)onyl>5,6,7,8-tetrahydro-6H-[l,4]diazocino[7,8,l-hi]indol- 



hi]indol-l-yl)-4-(furo[3,2-c]pyridin-7-yl)-2,5-dioxopyrrole dihydrochloride (50 mg, 0.1 
mmol) and heat at 140°C for 20 minutes. Remove for heat and dilute with water (10 mL) 
and 1 N HCl (2 mL). Subject residue to reverse phase high performance chromatography 



3 0 MS(ES): m/z = 455.48 (IVT+l) 

The compounds of EXAMPLES 510^ 520 may be prepared essentially as 
described in EXAMPLE 509. 



EXAMPLE 509 



25 



l-yl)-4_(faro[3,2-c]pyridin-7-yl)-2,5-dioxopyrrole hydrochloride 
Add 1,3-dimethylurea (3g) to 3-(5,6,7.8-tetrahydro-6H-[l,4]diazocino[7,8,l- 



and fieeze dry fractions to provide the title compound as an orange solid (31 mg, 63%). 
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ComDOimd 




sio 


3-(8-(N.[methyI]aminocaibonyl>[l,5]-diazopahydrooiiino- 
[8,94-hi]indol-l-yl)-4-(furo-[3,2-c]pyridin-3-yl)^2,^^ 
dioxopyitole hydrochloride 


MS(ES): m/z = 
470.2 (M[*^+l) 


511 


3-(6-(aminocaibonyl)^SJ-dihydio-6H-[l,4]diazepmo[6,7,l- 
hi]indol-l-yl)-4~{benzofur-7-yl)-2,5-dioxopyrn)le 


HRMS: 427.1405 

Qvl+H) 


512 


3-(6-(N-[methyl]aminocarbonyl)-6,7-dihydro-6H- 

[1.4]dia2»pino[6J4-hi]mdol-l-yl)-4-(benzo[13]-dioxol-4- 

yl)-2,5-dioxopyiTole 


HRMS: 445.1523 
(M+H) 


513 


3-(8-(aminocarbonyl>[l,5]diazoperhydroonmo[8,94-hi]m- 
dol-l-yl)^(23-dihydrobenzofur-7-yl)-2,5-dioxopyrrole 


HRMS: 457.1903 
(M+H) 


514 


3-(6-<aiiimocarbonyl>6,7-Kiihydio-6H-[l,41diazepino[6,7,l- 

hi]indol.l-yl)-4-(2.3KHhydiobenzofur-7-yl>.2,5- 

dioxopyrrole 


HRMS: 429 1563 
(M+H) 


515 


3-(6-(aminocarbonyl)-6,7-dihydn>-6H- [ 1 ,4] di azepino [6,7,1- 
W]indol-l-ylH-(ben2o[l,3]dioxol-4-yl)-2,5-dioxopyrrole 


HRMS- 431 1346 
(M+H) 


516 


3-(6-(N - [methyl]aimnocail>onyl)-6,7-dihydix)-6H- 
[l,4]diazepino[6J4-M]indol-l-yl)-4-(furo[3^-c]pyridin-7- 
yl)-2,5-dioxopym)le hydrochloride 


MSfES")- m/z = 
399.1 (M*+l) 


517 


3-(6-(N-[methyl]aininocarbonyl)-6,7-dihydro-6H-[l,4]- 

diazepmo[6,7,l-hi]mdol-l-yl)-4-(irnidazo[l,2-a]pyridin-3- 

yl>2,5-dioxopyrrole 


MS(ES):in/z = 
441.1 (M*+l) 


518 


3-(6-(N-[methyl]aminocarbonyl>6,7-dihydro-6H- 

[l,4]dia2epino[6,7,l-W]-indol-l-yl)-4-(benzofur-7-yl)-2,5- 

dioxopyrrole 


MS(ES):m/z = 
498.3 (M*+l) 


519 


3K8-(N-[methyl]aii]inocarbonyl>[l,5]diazop^ydnK>nino- 
[ 8 ,9, 1 -hi]indol-l-yl)-4-(benzofur-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 
469.2 CMT+l) 


520 


3^6-(aminocarbonyl)-6,7-dihydro-6H-[l,4]diazepino- 
[6,74-W]indol-l-yl)-4.(iimda2o[l,2-a]pyridin-3-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 
427.1 (M*+l) 



10 



EXAMPLE 521 

3-<6-(2-(methoxy)ethoxycarbonyl)-5,6,7,8-tetrahydro-6H-[l,4]^ 
hi]indoH-yl)-4-(benzofur-7-yl)-2,5-dioxopyrrole 
Stir 3-(5,6,7,8-tetrahydro-6H-[l ,4]diazocmo[7,8,l-hi]indol-l.yl)-4-(be^ 
yl)-2,5-dioxopyrrole (150 mgs, 0.38 mmol) and triethylamine (250 mgs, 2.4 romol) in 
absolute methanol (20 mL). Add a solution of 2-bronioethylchloroforniate (141 mgs, 0.75 
nmiol) in tetrahydrofuran (5 mL) slowly dropwise, then stir at 20°C for 1 hour. Add 
morpholine (2 mL, 22.9 mmol), reflux under nitrogen for 2 hours and concentrate under 
reduced pressure. Purify the product by preparative reverse phase high performance 
chromatography, followed by chromatography on a Varian® BondElut™ SCX column, 
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elutmg with ammonia in methanol to obtain 115 mg (55%) of the title compound as an 
orange solid. 

HRMS: m/z = 555.2245 (M+H) 

5 EXAMPLE 522 

3K6K2Kmorpholin-4-yl)acetyl)-5.6J,8-tetrahydio-6H-[l,^^ 

yl)-4-(benzofur-7-yl)-2,5-dioxopyrrole hydrochloride 
Add a solution of biomoacetyl chloride (0.185 gm, 1.17 mMol) in tetrahydiofuian 
(10 mL) slowly to a solution of 3-(S,6 J,84et]:ahydn>-6H-[l,4]diazocmo[7,8,l-hi]indol-l- 
10 yl)-4-(benzofur-7-yl)-2,5-dioxopyn:ole (0.15 gm, 0.38 mMol) and triethylamine (0.23 gm, 
2.27 mMol) in absolute methanol (25 mL). Stir die resulting mixture for 1 hour at room 
temperature and then add moipholine (2 mL, 22.9 mMol). Heat at reflux for 2 hours, 
concentrate under reduced pressure, and subject to Varian® BondEiut™ SCX 
chromatogr^hy, eluting with ammonia in methanol. Dissolve die desired product in 1 M 
15 hydrochloric add and subject to preparative HPLC to provide the title compound as an 
orange solid (0.13 gm, 61%). 
HRMS: 525.2113 (M+H) 



The compound of the following example may be prepared essentially as described 
in EXAMPLE 522. 



Example 


Compound 


Data 


523 


3<6K2-(piperidin-l-yl)acetyl)-6,7-dihydn>-6H-[1.4]diaze- 

pino[6,7,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)- 

2,5-dioxopyrrole 


MS(ES):m/z = 
509CMr+l) 



20 

EXAMELE524 

3-(8-(cyanoniethyl>[l,5]diazoperhydroonino[8,9,l-hi]indol-l-yl)-4-(iniidazo[l^^ 
a]pyridin-3-yl>2,5-dioxopynole 
Add biomoacetonitrile (0.1 g, 0.96 mmol) to a solution of 3-([l,5]diazoperhydro- 
2 5 onino[8,9,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopynole 

dihydrochloride (0.2 g, 0.48 mol) in methanol (IS mL) and triediylamine (0.49 g, 4.8 . 
mmol). Stir at 60^C overnight Dilute the reaction mixture with saturated aqueous 
sodium bicari^onate, extract into ethyl acetate, and concentrate under reduced pressure. 
Purify by reverse phase preparatoiy chromatography, eluting with acetonitrile and water, 
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and freeze-dry the pure fractions to provide the title confound as a red solid (0.050 g, 

23%). 

MS(ES): m/z = 451.2 0^+1) 



Hie compounds of EXAMPLES 525-541 may be prepared essentially as described 
in EXAMPLE 524. 



Example 


Compoiuid 


Data 


525 


3-(6-((cyanomethyl)-oJ-dihydro-oH-[l,4]diazepinc>- 
[6J,l-M]indol-l-yl)-4-(iinidazo[l,2-a]pyridm-3-y^^ 
2,5-dioxopyrrole 


MS(ES): m/z = 423.2 
(M*+l) 


526 


3-(o-((carboxymethyl)-6,7-dihydrc>-6H- 
[l,4]diazepino-[6J4-hi]indol-l-yl>4-(imidazo[l,2- 
a]pyridin-3-yl>2,5-<lioxopynx>Ie hydrochloride 


MS(ES): m/z = 442.2 
(M*+l) 


527 


3-(o-((moiphohn-4-yl)carbonyhnethyl)-6J-dihydro- 

6H-[l,4]diazepino[6,7,l-hi]iiidoH-yl)-4-(benzofur-7- 

yl)-2,5-dioxopyrrole 


MS(ES): m/z = 511.2 
(M*+l) 


528 


3-(6-((morpholin-4-yl)carbonyhnethyl>-5,6,7,8- 

tetrahydro-6H-[l,4]diazocinob.84-hi]indol-l-yl)-4- 

(benzofiir-7-yl)-2,5-dioxopyrrole 


HRMS:m/z = 
525.2130 (M+H) 


529 


3-(8-((morphohn-4-yl)caibonylmethyl>[l,5]diazoper- 
hydrooiiino[8,9J-M]indol-l-yl)-4-(ben2X)fur-7-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 539 
(M*^+l) 


530 


3-(6-(carboxamidomethyl)-6,7-dihydn)-6H-[l,4]diaze- 

pino[6J,l-hi]indol-l-yl)-4-(5--fluorobenzofur-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 457.2 
(M*-l) 




j-(^o-QcarDoxyineinyi^o, /<unyciix)-o±i-[ 1 ,4^ 
pino[6,7,l-hi]indol-l-yl)-4-(5-fluorobenzofur-7-yl)- 

2,5-dioxopyrrole 


Mo(b!»): m/z = 4oU.2 
CM*+1) 


532 


3-(6-(carboxyiQethyl)-6,7-<lihydro-6H-[l,4]diaze- 
pino[6J,l-W]iadol-l-yl)-4-(irmdazo[l,2-a]pyridin-3- 
yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 442.2 
(M^+1) 


533 


3-(6-(cyanomethyl)-6,7-dihydro-6H-[l »4]diaze- 

pmo(6J4-hi]indol-l-yl)-4-(iiiiidazo[l,2-a]pyridin-3- 

yl)-2,5-dioxopyrrole 


MS^): m/z = 423.2 
CM*+1) 


534 


3-(6-((morpholin-4-yl)cart)onylmethyl)-6,7-dihydro- 
6H-[l,4]diazepino[6,7.1-hi]indoH-yl)-4- 
(imidazo[l ^-a]pyridin-3-yl)-2,5-dioxopycrole 


MS(ES): m/z = 511.1 
(M*^+l) 


535 


3-(6-((pyridin-3-yl)methyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7, l-hi]mdol-l-yl)-4-(imidazo[l ^a]- 
pyridm-3-yl)-2,5-dioxopyrrole methanesulfonate 


MS(ES): m/z = 475.2 
(M*+l) 


536 


3-(6-((pyridin-4-yl)methyl)-6,7-dihydro-6H- 

[ 1 ,4]diazepino[6,7, 1 -hi]indoH-yl)-4-(iimdazo[ 1 ^-a]- 

pyridin-3-yl>-2,5-dioxopy!Tole methanesulfonate 


MSgSS): m/z = 475.2 
(M*+l) 
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537 


3-(6-((pyridin.2-yl)inethyl)-6,7-dihydro^H- 
[1 ,4]diaze-pino[6,7,l-hi]indol-l-yl)-4-(6- 
fluQroimiclazo[l >a]-pyridin-3-yl)-2.5-dioxopym)le 
methanesulfonate 


MS(ES):iii/z = 492.8 
(M*+l) 


S38 


3-(6-((pyridiii-2-.yl)methyl)-6,7-dihydro-6H- 

[1 ,4]diaze-pino[6,7, l-hijindol-l -yl)-4-(6- 

methyliimdazo[1.2-a]-pyridm-3-yl)-2,5-dioxopyrrole 


MS(ES):ni/z = 489.0 
(lvr+1) 


539 


3'(6-((methoxycarbonyl)methyl)-6J^lihydn>-6H- 
Il,4]diazepino[6,7,l-hi]indol-l-yI)-4-(iimdazo[l^a]- 
pyridiii-3-yl>2,5-dioxopyiTole hydrochloride 


MS(ES):in/z = 456.1 
(NT+l) 


540 


3-(6-((isopropoxycarbonyl)methyl)-6J-dihydro-6H-- 
[1.4]diazepmo[6J4-.hi]indol-l-yl)-4-(miidazo[l,2-a]- 
pyridin-3-yl)-2,5-dioxopyErole hydrochloride 


MS(ES):iii/z = 484.2 
(IVT+l) 


541 


3-(6-((diethylaminocarbonyl)iiiethyl)-6J-<lihydro-6H- 
[l,4]diazepino[6J4-hi]indoI-l-ylH-(iniidazo[l,2-a]- 
pyridm-3-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES):ni/z = 497.2 
(NT+l) 



EXAMRLE542 

3-(6-(2^^3»3-pentafluoiopropyl)"«.7-dihydit>-6H-[l,4]diazepino[6J4-W]m 
(iimdazo[l,2-a]pyridin-3-yl>2,5-dioxopym)le 
Combine 3K6J-dihydro-6H-[l,4]dia2epmo[6ja-hi]indol-l-yl)-4-(^ 
a]-pyridiii-3-yl)-2,5-dioxopyiTole dihydrochloride (300 mg, 0.714 mmol), 2,2,3,3,3- 
pentafluoropropyl trifluoroacetate (462 mg, 1.64 mmol), and NJ^-diisopropylethylamine 
(508 mg, 3.94 mmol). Heat in a sealed vial at 85''C for 16 hours. Dilute with 
dichloromethane and wash with water. Extract aqueous phase with dichloromethane. 
Conobine organic phases, wash widi saturated aqueous sodium chloride, dry over 
magnesium sulfate, and concentrated under reduced pressure. Subject residue to silica gel 
chromatography, eluting with dichloromethane containing 0-10% methanol to provide the 
title compound (96 mg, 28%) as an orange solid 
MS^): m/z = 516 (M+1). 

EXAMPLE 543 

3K[l^]diazoperhydroonino[8,9,l-W]indoi:i-yl>4K5-hydroxybenzofur-7-^^^^ 

dioxopynole hydrochloride 
Mix pyridine hydrochloride (5.4 g, 46.7 mmol) and 3-(8-(tet-but6xycarbonyl)- 
[l,5]diazoperhydroomno[8,9,l-hi]indol-l-yl)-4-(5-methoxybenzofur-7-yl^^ 
dioxopynole (325 mg, 0.60 mmol). Heat and stir the mixture at 190-200^C under 



wo 03/076442 



PCT/US03/05050 



-131- 

nitrogen for 40 minutes. Cool to 25°C, dissolve in distilled water, and adjust to pH = 
7.0 using aqueous 3 molar sodium carbonate. Extract the mixture with ethyl acetate. 
Combine the organic layers, wash with aqueous saturated sodium chloride, dry over 
anhydrous sodium sulfate, filter, and concentrate under reduced pressure. 
Chromatograph on a reverse phase preparative high performance chromatography 
colmnn, eluting with acetonittile containing 0.01% hydrochloric acid to obtain the title 
compound as an orange solid (185 mg, 66%). 
HRMS: 428.1610 (M+H) 



The compounds of EXAMPLES 544-548 may be prepared essentially as described 
in EXAMPLE 543. 



Example 


Compound 


Data 


544 


3-([l,5]diazoperhydroonino[8.9,l-hi]indoH-yl)-4-(4^ 

hydroxybenzofur-7-yl)-2,5-dioxopyrrole 

hydrochloride 


MS(ES):m/z = 428.0 
Or+1) 


545 


3-(6,7-dihydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l- 

yl)-4-(4.hydroxy-benzofiir-7-yl)-2,5-dioxopynDle 

hydrochloride 


HRMS: 400.1317 
(M+H) 


546 


3-(6,7-dihydn>6H-[1.4]diazepino-[6.7,l-hi]indoH. 

ylH-(5-hydroxy-benzofur-7-yl>-2,5-dioxopynx>]e 

hydrochloride 


HRMS: 400.1315 
(M+H) 


547 


3-(5,6-dihydro-4H-pyirolo[3.2,l-ij]-quinolin-l-yl)-4- 
(4-hydroxyben2ofur-7-yl)-2,5-dioxopynx)le 


HRMS: 385.1201 
(M+H) 


548 


3-(5,6-dihydro-4H-pyrrolo[3,2,l"ij]-quinolin-l-yl)-4- 
(5-hydroxyben2ofur-7-yl)-2.5-dioxopyrn)le 


HRMS: 385.1203 
(M+H) 



BXAMPLB549 
3-(5,6-dihydn>4H-pyirolo[3,2,l-ij]quinoUn-l-yl)-4-(4-(3- 
(diethylamino)propoxy)ben2ofur-7-yl>2,5-dioxopyrrole 
3-f5,6^vdro^H-pvrrolor3.2,l-iilamnQ Hn-l-vlV4-(4^3-flmmQ^^^ 
vl)"2.5-dioxopvrrole 

Dissolve 3-(5,6-dihydro-4H-pyrrolo[3,2,l-ij]-quinolin-l-yl>4-(4-(3- 
(hydroxy)propoxy)benzofur-7-yl>2,5-dioxopyrrole (0.1 g, 0.232 mmol) in 10 mL 
dichloromethane. Add carbon tetrabromide (0.077 g) and tiiphenylphosphine (0.061 g). 
Stir for 10 minutes and add another equivalent of both reagents. Stir 10 minutes then 
dilute with dichloromethane and wash with water followed by saturated aqueous sodium 
chloride. Dry over magnesium sulfate then IBlter and concentrate under reduced pressure. 
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Subject residue to silica gel chromatography, eluting with 2% methanol in 
dichloromethane to provide the desired compound (0.1 16g) 
MS(ES): m/z = 506,2 (M+1) 

5 Ammfltinn 

Dissolve 3-(5,6-<iihydro-4H-p>iix>lo[3,2,l-ij]-quinoli^^ 
(bromo)propoxy)benzofttr-7-yl)-2,S-dioxopyirole (0.058 g, 0.118 mmol) in 1.5 mL 1- 
methyl-2-pycrolidinone and add diethylamine (2M in tetrahydrofuian, 0.3 mL) and heat to 
60 °C for 16 hours. Partition between ethyl acetate and wat^ and concentrate organic 
1 0 layer. Dissolve the residue in a minimal amount of methanol and load onto an SC!X7^ 
Varian colunm (pietreated with a 5% acetic acid: methanol solution). Wash column with 
methanol and ethyl acetate, and elute with 2M ammonia in methanol to provide the title 
compound. 
MS(ES): 498.2 

1 5 Hie compound of the following example may be prepared essentially as described 



in EXAMPLE 549. 



Eicample 


Compoimd 


Data 


550 


3-(6-(tert-butoxycarbonyl)-6,7-dihydro-6H- 
[l,4]diazepino-[6,7,l-hi]indoH-yl)-4-(4-(3. 
(diethyl-aniino)propoxy)benzofur-7-yl)-2,5- 
dioxopycrole 


MS(ES):m/z = 
613.4 (M+1) 



EXAMPLE 551 

3-(6-(2-(morpholin-4-yl)acetyl)-6J-dihydro-6H41,4]diazepino-[6J4-hi]^^ 
2 0 (benzofiir-7-yl>2,5-dioxopyrrole hydrochloride 

Add bromoacetyl chloride (0.084 g, 0.54 mmol) to a mixture of 3-(6,7-dihydro- 
6H-[ 1 ,4]diazepino-[6,7, l~hi]indol- 1 -yl>4-(benzofur-7-yl)-2,5-dioxopyrrole hydrochloride 
(0.15 g, 0.36 mmol) and triethylamine (0.18 g, 1.78 mmol) in methanol (15 ml). Stir for 3 
hours, add mopholine (1 ml), and heat to 50**C for Ihour. Dilute with ethyl acetate and 
2 5 wash with saturated aqueous sodium bicarbonate followed by saturated aqueous sodium 
chloride. Ck)ncentrate under reduced pressure and subject the residue to silica gel 
chromatography. Add 2M HCl in diethyl ether to the reaction mixture and concentrate 
under reduced pressure to give the tide compound as a yellow solid (100 mg» 51%). 
MS(ES): m/z = 545.2 (M*-l) 
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EXAMPLE552 




[H4-Iimdazo[l,2-a]pyridin-3-yl-2,5-^oxo-2,5-<ffliydi^ 
5 [l>4]diazepino[6J»l-hi]indol-6-ylHmoipholin-4-yl]meth^^ 

Add diphenyl cyanocaibonimidate (0.26 g, 1.09 nunol) to a solution of 3-(6,7- 
dihydi»-6H-[l,4]diazepmo[6J4-hi]indol-l-yl)-4-(iim 

2^-dione dihydrochloride and triethyl amine (0.28 g, 2.79 mmol) in isopiopanol (20 ml). 
Reflux for 30 minutes to provide [H4-Iniidazo[l,2-a]pyridin-3-yl-2.5-dioxo-2^^ydro- 

10 lH-pyirol-3-yl)-67-dihydro-6H-[l,4]dia2epino[6,74-hi]indol-6^^ 

cyanamide. Add morpholine (0.142 g, 1.64 mmol) and reflux for 6 hours. Cool to room 
temperature and dilute with saturated aqueous sodium bicarbonate. Extract with ethyl 
acetate, wash combined organic phase with saturated aqueous sodium chloride and 
concentrate under reduced pressure. Subject the residue to preparative reversed phase 

15 chromatography to provide the title compound as an orange solid. 
MS(ES): m/z = 528.1(]Vr+l). 



The compound of the following example may be prepared essentially as described 
in EXAMPLE 552. 



Example 


Compound 


Data 


553 


[l-(4-Iniida2o[l,2-a]pyridin-3-yl-2,5-dioxo-2,5-dihydK>- 
lH-pynx)l-3-yl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- ^ 
hi]indol-6-yl]-[piperidin-l-yl]niethylenecyanamide 


MS(ES): m/2 = 
519.1 (M+1) h 
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EXAMPLE 554 




l-(4-Iimdazo[l,2-a]pyridin-3-yl-2.5^oxo-2,5-dihydiO"lH^ 
5 [l,4]diazepino[6 J,l-A2lindole-6-ca]1x»xaimdme hydrochloride 

l teit-ButOXVCarb rmYlimitirvf7-(4-imirift TOri,2-a1pvri^^ 

dihvdro-lH-ri,41dia2epinor6.7,l-M1indol-l-vl1methvnca rh Ari d teit-Butvl Ester 

Add (t^4>utDxycarbonyliminopyi:azoI-l-yhnethyl)^ acid tert-butvl ester 

(0.25 g, 0.81 mmol) to 3<6 J-dihydro-6H-[l,4]diazeiano[6,7a-hi]mdol-6-3i)-4- 

10 (ixnidazo[l,2-a]pyridin-3-yl)-2,5-dioxopynx)Ie (0.26 g, 0.67 mmol) in dry 

dimethylfoimamide (6.7 mL) and stir at room temperature for 3 days. Partition between 
ethyl acetate (500 xsiL) and water (250 mL). Wash the organic phase with saturated 
aqueous sodium chloride (250 mL), dry over sodium sulfate, and concentrate under 
reduced pressure. Subject the residue to preparative high performance liquid 

1 5 chromatography (pre-packed silica gel), eluting with 9: 1 CH2Cl2/MieOH to afford the 
desired compound as a thick red oil. 



Deprotection 

Add 5.86 % HCl/dloxane (50 mL) to { tot-Butoxycarbonylimino-[7-(4- 
20 imida2o[l,2-a]pyridin-3-yl-2,5-dioxopyrrol-3-yl)-6,7-dihydro-m-[l,4]diaz^ 

hi]indol-l-yl]methyl)caibamic Acid tot-Butyl Ester (0,26 g, 0.42 mmol) in 1,4-dioxane 
(10 mL) and stir at room temperature overnight. Concentrate under reduced pressure. 
Add diethyl ether and concentrate under reduced pressure. Add diethyl ether (25 mL) an 
stir for 1 hour. Hlter the sluny and wash the filter cake with diethyl ether (25 mL) to 
2 5 provide the title compound (0. 16 g, 73 %) as an orange-red solid. 
HRMS: m/z = 426.1712 (NT+I). 
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EXAMPLE555 




3-(6-(l-mimoeth-l-yl)-6J-dihydro-6H41,4]diazepino[6J4-^ 
(iixiidazo[l,2-a]pyridin-3-yl)-2,5-<yoxopyixolehyd^^ 
5 Add methyl acetiimdate hydrochloride (0.072 g, 0.66 mol) and potassium 

caibonate (0.18 g, 1.3 mmol) to 3-(6,7-dihydio-6H-[l,4]diazepino[6,7,l-hi]indol-6-.yl>4- 
(imida2o[l,2-a]pyridin-3-yl)-2,5-dioxopym)le (0.25 g, 0.66 mmol) in diy dimethylfonn- 
amide (6.6 mL) cooled in an ice bath. Stir at O^^C for 25 minutes and then at room 
temperature for 3 days. Add methyl acetimidate hydrochloride (0.072 g, 0.66 mmol) and 
10 potassium caibonate (0.18 g, 1.3 mmol). Heat at 50**C ovemigjit Cool to room 
temperature and concentrate under reduced pressure. Subject the residue to 
chromatography (Varian Mega Bond Elut SCX colunm)» eluting with a gradient: MeOH- 
2M NHb/MeOH). Subject to reverse-phase HHLC and prepare the HQ salt to provide tiie 
title compound (0.042 g, 14 %). 
15 HRMS: m/z = 425.1722 (M'+l). 



EXAMPLE 556 




N-[methyI]-l-(4-Imida2o[l,2-a]pyridin-3-y^2,5-dioxo-2,5-dihydro-lH-pyITO^ 
dihydro-lH-[l,4]diazepino[6JJ.Ai]indole-6-<:aiboxamidinedihydrochIoride 
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Add sodium hydride (137.7 mg, 3.44 mmol, 60% dispersion in mineral oil) to 13- 
bis-(Iat-butoxycaibonyl>2-thiopseudourea (1,0 g, 3.44 mmoll) in dimethylformamide 
and stir 1 hour. Add iodometiiane (0.235 mL, 3.78 mmol) and stir at ambient temperature 
18 hours. Pour over ice and partition between ethjd acetate (200 mL) and saturated 
aqueous sodium chloride (100 mL), Dry over sodium sulfate and concentrate under 
reduced pressure. Subject residue to chromatography, eluting widi Hexanes/ ethyl acetate 
(8:2) to provide 1.0 g of a yellow oil. Add 3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
W]indol-6-yl)-4<imidazo[l,2-a]pyridin-3-yl)-2^-dioxopyrrole (300 mg, 0.78 mmol) to 
the yellow oil (238 mg, 0.78 mmol) in dimethylformamide (8.0 mL) and stu- 4 days at 
ambient temperature. Heat to 100 ° C for 2 hours, cool, and partition between ethyl 
acetate (100 mL) and water (100 mL). Dry over sodium sulfate and concentrate under 
reduced pressure. Subject the residue to chromatography, eluting with 
dichloromethane/methanbl (9:1) to provide 130 mg (26%) of the BOC-protected 
intermediate as a pale orange solid. Add anhydrous 4 M HCl/dioxane (20 mL) to the 
BOC-protected intermediate (120 mg, 0.187 nmiol) in p-dioxane (20 mL) and stir at 
ambient temperature 1 8 hours. Added diethyl ether (50 mL). and filter to provide the title 
compound (95 mg, 99%) as an orange solid. 
MS(ES): m/z = 513.8 (1^+1). 

EXAMPLE 557 

3-(6-(5-amino-l,2,4-triazol-3-yl)-6jKlihydro-6H-[l,4]diazepino[6,7,l-hi]ind 
(imidazo[l,2-a]pyridin-3-yl)pytrole-2,5-dione 
Add hydrazine hydrate to a solution of [l-(4-Imidazotl,2-a]pyridin-3-yl-2,5- 
dioxo-2,5-<lihydn>-lH-pyn:ol-3-yl)-6,7-dihydro-6H-[l,4]a 

[phenoxyjmethylMie-cyanamide and triethyl amine (0.28 g, 2.79 nomol) in methanol (15 
ml). Stir for 20 minutes. Dilute with saturated aqueous sodium bicarbonate and extract 
with 4:1 ethyl acetate:n-butanol (4 x 50 ml). Concentrate the combined organic phases 
under reduced pressure and subject the residue to preparative reversed phase 
chromatography to provide the title compound (0.075 g) as a maroon solid. 
MS(ES): m/z = 466.1 CIVr*+l). 
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EXAMPLJB558 

3<6-(pyridin-2-yl)-6,7-dihydn)-6H-[l,4]dia2epino[6J4-l^^ 

a]pyridin-3-yl)pyrrol6-2,5-dione 
Heat a mixture of 3-(6 J-dihydio-6H-[l,4]dia2epino[6,7,l-.hi]indol-l-yl)-^ 
5 (imidazo[l,2-a]pycidin-3-yl)pyrrole-24-dione dihydiochloride (0.10 g, 0.22 mmol), 
triethylamine (0,1 ml, 0.73 mmol), and 2-fluoropyridme (1 ml, 10.29 mmol) in a 
microwave reactor at 160*'C for 5 minutes at 300 Watts. Dilute with ethyl acetate, wash 
with saturated aqueous sodium bicarbonate, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography to provide the title compound (0.025 g, 
1 0 24%) as a red solid. 

MS(ES): m/z = 461.2 CM*'+1). 



Hie compound of the following example may be prepared essentially as described 
in EXAMPLE 558. 



Example 


Compound 


Data 


559 


3-(6-(pyridin-2-yl)-6,7-dihydro-6H-[l,4]diazepino- 

[6.7,l-hi]indol-l-yl)-4-<6-methylimidazo[l,2-a]pyridin- 

3-yl)-pytrole-2,5-dione 


MS(ES): m/z = 
474.8 (NT+I) 



15 EXAMPLE 560 

3-(6Kpyrimidin-2-yl>6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-^^^ 

a]pyridin-3-yl)pyrrol&-2,5-dione 
Add 2-chloropyrimidine (0.24g, 2.07 mmol) to a solution of 3-(6,7-dihydn>-6H- 

[l,4]diaMpino[6,7,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)pyTO 
2 0 dihydrochlodde (0.90 g, 1.97 mmol) and triethylamine (1.0 ml) in n-butanol (50 ml). 

Reflux for 30 hours and distill solvent to about 15-20 ml volume. Filter the resulting 

suspension and wash the solid with large amounts of methanol to give the title compound 

(0.58 g, 1,26 mmol). 

MS(ES): m/z = 462.2 (M*+l). 
2 5 The compounds of KXAMPI£S 561-563 may be prepared essentially as described 

in EXAMPLE 560. 



Example 


Compound 


Data 


561 


3-(6-(benzothia2ol-2-yl>6,7-dihydro-6H-[l,4]diazepino- 
[6,7,l-W]indol-l-yI)-4-(imidazo[l>a]pyiidin-3-yl)- 

pyrrole-2,5-dione 


MS(ES): m/z = 
517.1 (M*+l) 


562 


3-(9-fluoro-6-(pyrimidin-2-yl)-6,7-dihydro-6H- 


MSOES): m/z = 
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[l,4]diazepmo[6,7,l-M]mdol-l-yl)-4-(7K:hl<m>ijaaddazO" 
[ 1 ^-alpyridin-3-yl)pyrrole-2,5-dione 


513.9 (NT+l) 


563 


3-(6-(pyriimdin-2-yl)-6 J-dihydro-6H-[l ,4]dia2epino- 

[6J,l-hi]indol-l-yl)-4-(6-methyliniidazo[l,2-a]pyridin- 

3-yl)py[iole-2»S-dione 


MS(ES): m/z = 
476.0 (Nf+l) 



EXAMPLE 564 

Resolution of 3-(7-methyl-6-oxa-4,5-dihydro-3-azabenzo[cd]a2xaen-l-yl)-4-(im 

a]pyridin-3-yl)-2,5-dioxopyrrole 

Subject racemic 3-(7-methyl-6<>xa-4,5-dihydro-3-azabenzo[(xi]aziilen-l-yl)-4- 
(iniidazo[l^a]pyridin-3-yl)-2,5-dioxopym>le to chiral chromatography on a ChiralPak® 
AD, 8 cm X 30 cm column, eluting with 3A ethanol at a flow rate of 350 ml/min. 

TTie first eluting isomer is (+>.3-(7-methyl-6-oxa-4,5-dihydn>-3- 
azabenz»[cd]a2Mlen-I-yl)-4<iinidazo[l,2-a]pyridin-3-yl^^^ 
[a]589(DMSO, c = 10 mg^ml) = +34.8** 
HRMS: m/z = 399.1466 (M+H) 

The second eluting isomer is (-)-3-(7-methyl-6-oxa-4,5-dihycto-3- 
azabenzo[cd]a2wlen-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl)-2,5^^ 
[a]589(DMSO, c = 10 mg/ml) = -28.1** 
HRMS: m/z = 399.1437 (M+H) 

EXAMPLE 565 

(+> and (-)-3-(5-hydroxy41,5]diazaperhydroQnino[8,9J-W]indol-l-yl)-4-(benzoto^ 

2,5-dioxopynole 

S-hvdroxv-8-fteit-butoxvcarbonvlVri.S1diazaperhvdroomnor8.9,l-hi1indole 

Dissolve 5,6-dehydro-8-(tort-butoxycarbonyl>[l,5]diazaperhydroonino[8,9,l- 
hijindole (5.7 g, 19 mmol) in tetrahydrofuran (100 mL) at -78**C. Add BHa^THF (1.0 M, 
200 mL). Stir and warm the mixture to ambient temperature. After 1.5 hours, quench 
with water dropwise at 0°C. Add hydrogen peroxide (2.2 mL, 30%) and aqueous 0.1 N 
sodium hydroxide (2.2 mL), Stir for 16 hours. Dilute with ethyl acetate (100 mL). Wash 
the organic layer with aqueous sodium hydrogen sulfite and chromatograph on flash silica 
gel (hexane/BtOAc; 3:1 to 0:1) to afford the desired comppound (3.5 g) as a solid. 
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5-(tert^hutYldim ethvlsUvloxv)-8~(teit-butoxvcarbonvn-ri,51^ 
hilindole 

Stir 5-hydroxy-8-(tCTt-butoxycarbonyl)41,5]diazapeihydbtx)nmo[^ 
(3.5 g, 11 mmol), ^-butyldimethylsilyl chloride (33 g, 22 mmol), and imidazole (1.9 g, 
5 28 mmol) in NJN-dimethylfonnaiiiide (10 mL) at ambient temperature for 2 hours. Dilute 
with ethyl acetate (100 mL). Wash with water, dry over magnesium sulfate, and 
concentrate under reduced pressure to provide the desired compound (4.9 g). 

Methvl 2-f5-fte rt-hutYldim ethvlsilvloxvV8-Ctert-butoxvcarfaQn^V 
10 ri,S1diazap erhydmnnin o-r8.9,l>hi1indoM-vnoxoacetate 

Begiiming with S-(tat-butyldimethylsilyloxy)-8-(tert-butoxycarbonyl)- 
[l,S]diazapeifaydroonino[8,9,l-hi]indole, the desired compoimd was prepared essentially 
as described in Preparation 22.(1.3 g). 
MS(ES): m/z = 518 (Isr+H). 

15 

3-f2>f5-(tcrt~butvldimethvlsilvloxvV8-(tert-butoxvcaifaonvlVrL51diazaperhvdroon 
f 8,9 J-hi1indol-l-vlV4-fbenzofur-7-vlV2.S-dioxopvrrole and 3-(2-f5>aivdroxvV8-ftert- 
butoxvcarbonvlVrL51diazaperhvdroonino-r8.9.1-hilindol-l-vn-4-a)en2ofur-^^^ 
dioxopvnx)le 

2 0 Beginning with methyl 2-(5-(tert-butyldimethylsilyloxy>8-(tert-butoxycarbonyl)- 

[l,5]diazaperhydxoonino-[8,9,l-hi]indol-l-yl)oxoacetale and 2-(benzyfur-7-yl)acetamide, 
the desired compounds are prepared essentially as described in Preparation 120: 

3-(2-(5-(t^-butyldiinethylsilyloxy)-8-(^-butoxycarbonyl)-[l,5]diazaperhydro- 
onino[8.9,l-hi]indol-l-yl)-4-(benzofur-7-yl)-2,5-dioxopyriole (180 mg) 

25 MS(BS): m/z = 642 (Nf+H); and 

3-(2-(5-0iydroxy)-8-(tert-butoxycarbonyl)-[l,5]dia2aperhydroonino-^ 
indoH-yl)-4-(benzofur-7-yl)-2,5-dioxopyrrole (280 mg) 
MS(ES): m/z = 528(M*+H). 



30 Deprotection 

Stir3<2-<5-^-butyldimethylsilyloxy)-8-(tet-butoxycarbonj4)-[l,5]diaza^ 
hydroonino[8,9,l-hi]indol-l-yl)-4-(benzofur-7-yI)-2,5-dioxopyriole (180 mg, 0.28 mmol) 
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and tnfluoioacetic acid (3 mL) in dichloromethane (3 mL) at ambient temperature for 1 
hoiir. Concentrate under reduced pressure and subject the residue to chiral 
chromatography (Chiralpak AD colimm eluting with 60% ethanol/40%heptane/0.2% 
dimethylethylamine) to provide the tide compound isomers. 
5 MS(ES): m/z=:428(M*^+H). 

EXAMPLE 566 

3-(5-oxo-[l,5]diazapeiiiydnx>mno[8^,l-hi]indol-l-yl)-4Kbenzofur-7-^^ 

dioxopyitole 

1 0 Add Dess-Martin periodinane (1 10 mg, 0.2S mmol) to 3-(2-(5-0iydroxy>-8-(t^- 

butoxycarbonyl)-[l,51diazaperhydroQnino-[8,9J-hi]-indoI-l-yl)-4-(benzof^^ 
dioxopynole (90 mg, 0.2 mmol) in dichloromediane (10 mL) and stir for 2 hours at 
ambient tem|)erature. Wash with 0.1 N sodium hydroxide. Dry over magnesium sulfate 
and concentrate under reduced pressure. Subject the residue to silica gel chromatography, 

15 eluting with hexane/EtOAc; 1:1 to 0:1 to provide to 3-f2-f5-oxo-8-ftert"butoxvcarbonvlV 
[l,5]diazapeihydrooiiino[8,94-hi]-indol-l-yl>4-(beiizofur-7-yl)-2,5-dioxopynr (70 mg, 
80 %). Treat with trifluoroacetic acid (2 mL) in dichloromethane (2 mL) at ambient 
temperature for 1 hour to provide the title compound. 
MS(ES): m/2 = 426 (M*+H). 

20 

EXAMPLE 567 

3-(6-((methoxy)thiocarbonyl)-6J-dihydn)-6H-[l,4]diazepino[6J4-hi]indol-l-yl)-4- 
(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 
Stir3K6J-dihydro-6H-[l,4]diaz»pino[6JJ-hi]indol-l-yl)^(M 

2 5 pyridin-3-yl)-2,5-dioxopyrrole (0.2 g, 0.44 mmol), 1,1-thiocarbonyldiimidazole (95 mg, 

0.48 TTiTTi nl), and triethylamine (0.2 mL) in methanol (10 mL) at ambient temperature for 2 
hours. Dilute with ethyl acetate and wash with water. Dry over magnesium sulfate and 
concentrate under reduced presstire. Subject the residue to silica gel chromatography, 
eluting with hexane^tOAc; 1:1 to 0:lto provide the title compound. 

3 0 MS(ES): m/z = 458 (M^+H). 
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EXAMPLE 568 

3-(6-((moipholm-4-yl)thiocarbonyl)-6J-dihydr^^ 

4Kimidazo[l,2-a]pyridin-3-yl)-2^-dioxopyiiole 
5 Stir 1 , l-tfaiocarbonyldiimidazole (100 mg, 0.50 mmol) with mcnpholine (50 mg, 

0.56 mmol) in tetrahydrofuran at ambient temperatuie for 10 minutes. Add 3-(6,7- 
dihydro-6H-[l,4]diazepino[6J4-W]indol-l-yl)-4<imida2o[l 

dioxopyrrole (0.10 g, 0.22 mmol) and trietfaylamine in methanol (10 mL). Heat and stir at 
80 for 4 hours. Cool, dilute with dichIoromethane» and wash with water. Dry over 
10 magnesium sulfate and concentrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with hexane^tOAc; 1:1 to 0: 1 to provide the tide compound 
(40 mg). 

MS(ES): m/2 = 513 (M*+H). 

15 EXAMPLE 569 

3-(6-(pyridin-4-yl)-6jKiihydro-6H-[l,4]dia2»pino[67,l-hi]indol-l-yl)-4^ 

2,5-dioxopyirole 

Add 4-chloropyridine hydrochloride (0.036 g, 0.24 mmol) and triethylamine 
(0.049 g, 0.48 mmol) to 3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 

2 0 (benzofur-7-yl)-2,5-dioxopyrrole hydrochloride (0.05 g, 0. 12 mmol) in 2 mL 

dimethylfonnamide. Heat at lOO^C for 60 hours. Cool to room temperatuie, dilute with 
water (30 mL) and extract with ethyl acetate (3 x IS mL). Combine the organic phases, 
dry over sodium sulfate, and concentrate under reduced pressure. Subject the residue to 
silica gel chromatography, eluting widi dichlorometfiane containing 5% methanol and 2N 

2 5 ammonia to provide the title compound (10 mg). 
MS(ES): m/z = 461(M*^+H). 



EXAMPLE570 

3<7-oxo-6-methyl-6,7-dihydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l-yl>^ 
3 0 a]pyridin-3-yl)-2,5-dioxopyrrole hydrochloride 

The title compound may be prepared essentially as described in EXAMPLE 1 . 
HRMS: m/z = 412.1421 (M*+l) 
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EXAMPLE 571 
3-(6-(3-(cyclopentyl)propi(m-l-yl>6J-dihydro-6H-[6J4-W]m 

a]pyridin-3-yl)-2^-dioxopycrole hydrochloride 
5 Begiiming with 3-(6 J-dihydn>-6H-(67,l-W]indol-l-yl)-4-(imidazo[l^-a]pyri^^ 

3-yl)-2,S-dioxopynoIe hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 239. 
MSCES): ni/z = 494.1 (M*+l) 

10 EXAMPLE 572 

3-(6K2Kmoipholin-4-yl)acetyl>6,7Hlihydio-6H-[6J4-hil^^ 

a]pyridin-3-yl)-2,S-dioxopyirole 
Beginning with 3-(67-dihydio-6H-[6 J4-hi]indol-l-yl)-4^(imidazo[l^a]pyridm^ 
3-yl)-2^-dioxopyirole hydrochloride, the title compound was prepared essentially as 
15 described in EXAMPLE 522. 
MS(ES): m/z = 511 (M^+1) 

EXAMPLE 573 

3-(6-(2-(tMomorphoHn-4-yl)acetyl)-6,7-dihydro-6H-[6,7,l-hi]indol-l-yl)^ 

2 0 a]pyridin-3-yl)-2,5-dioxopyiTole 

Beginning with 3-(6,7-dihydn>-6H-[6,7,l-hi]indol-l-yl)-4-(imidazo[l^a]pyridin- 
3-yl)-2,5-dioxopycrole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 522. 
MSOBS): m/z = 527(M*+l) 

25 

EXAMPLE 574 
3K6-((2.3,4,5-tetrahydnrtWazol-4-yl)caibonyl)-6,7^ 

(imidazo[l,2-a]pyridin-3-yl>-2,5-dioxopyrrole dihydrochloride 
Beginning with 3-(6,7-dihydn)-6H-[6,7,l-Ju]indol-l-ylM-<imidazo[l,2-a]py^ 

3 0 3-yl)-2,5-dioxopyn:ole hydrochloride, the tide compound was prepared essentially as 

described in EXAMPLE 64. 
MS(ES): m/z = 499(M*^+l) 
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EXAMPLE 575 
3-(6-(3,33-tiinuoroprop-l-yl>-6J-^ydro-6H-[6ja-W]mdol-l 

a]pyridin-3-yl)-2,5-dioxopyirole 
Begiiming with 3-(6J-dihydro-6H-[6J4-hi]indol-l-ylH-(iimda2o[l^ 
3-yl)-2,S-dioxopyiiole hycbochloride, the title compound was piepared essentially as 
described in EXAMPLE 157. 
MS(ES): m/z = 480(M^+l) 

EXAMPLE 576 
3<6-(33,3-tiinuoroprop-l-yl)-6J-dihydix)-6H-[6ja-W]in^^^ 
mediylinudazo[l,2-a]pyridin-3-yl)-2,S-dioxopynole 
Beginning with 3<6 J-Klihydro-eH-Ce J,l-M]indGl-l-yl)-4-(6-methylM 
a]pyridin-3-yl)-2,5-dioxopyrrole hydrochloride, the title compound was prepared 
essentially as described in EXAMPLE 157. 
MS(ES): m/z = 494(M*^+l) 

EXAMPLE 577 

3-(6-((l.methylimida2ol-5-yl)methyl>6J-dihydro-6H-[6J4-hi]indol-l-yl)^ 
(imidazo[l,2-a]pyridin-3-yl>-2,5-dioxopyrrole 
Beginning with 3-(6 J-^hydro-6H-[6J.l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyridin- 
3-yl)-2,5-dioxopynole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 157. 
MS(ES): m/z = 478 (M^+1) 



3-(6-(2-(piperidin-l-yl)eth-l-yl)-6,7^ydro-6H-[6,74-W]indol-l-yl)^ 



Beginning with 3-(6 J-dihydn>-6H-[6,7a-hi]indol-l-yl>4Kiimdazo[i;^^^^ 
3-yl)-2,5-dioxopyirole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 524. 
MS(ES): m/z = 495 (M*^+l) 



EXAMPLE 578 



a]pyridin-3-yl>-2,5-dioxopyrn>Ie 
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EXAMPLE579 

3-(6-(((2-(piperidm-l-yl)eth-l-yl)oxy)caibonyl)-6,7-dihydro-^^ 
6inidazo[l>a]pyridm-3-yl)-2,5-dioxopyrroIe 
5 Begmning with 3-(6 J-dihydn>-6H-[6 J4-W]indol-l-yl)-4-(iimd^ 

3-yl)-2,S-dioxopyrroIe hydrochloride, the title compound was prcpaied essentially as 
described in EXAMPLE 494. 
MS(ES): m/z = 539(Nr+l) 

10 Kinase Inhibition Assay 

The abiUty of the compounds of the present invention to inhibit the activity of the 
GSK-3^ enzyme is measured according to a standard protocol (PIOL, Carol J., etal ,, A 
Secondary Phosphorylation of CREB^^ at Ser*^ Is Required for the cAMP-Mediated 
Control of Gene Expression: A Role for Glycogen Synthase Kinase-3 in the Control of 

15 Gem Expression, J. BioLChem ., 269, 32187-32193 (1994)), Briefly, the catalysis of the 
reaction: 

KRREILSRRP(pS)YR + AT^^ -> KRREIL(^^pS)RRP(pS)YR [measured] + ADP 

20 by GSK-3p is measured in a reaction mixture comprised of the following: 50 mM MOPS 
(4-morpholinepn)panesulfonic add) pH 7.0; 50 pM phosphoCREB peptide; 50 pM ATP; 
0.5 ^Ci ATP[y-^¥]; 12.5 mM MfeCh; 0.03% Triton-X; 4% DMSO; and 1 nM 
recombinant human GSK-3beta. The reaction is initiated by the addition of enzyme. Hie 
final reaction volume is 100 \xL, The reaction is allowed to proceed for 60 minutes at 

25 room temperature and is stopped by the addition of 75 pL of 10% phosphoric acid. To 
capture KRREIL(^'pS)RRP(pS)YR formed in the reaction and to remove unreacted 
AT^^, 160 pL of the stopped reaction mixture is transferred to a pre-wetted (0.75% 
phosphoric acid) phosphocellulose microfiltration plate [Millipore Cat# MAPH NOB 50] 
and after 90 minutes incubation on the plate, the stopped reaction mixture is passed 

3 0 tiuough the filter using a Titertek Map Extractor. The filter containing the trapped 
KRREIL(^^pS)RRP(pS)YR is washed with 220 pL of 0.75% phosphoric add. Filter 
plates are blotted to remove droplets from the und^xirain. Ihe underdrain is removed 



m 
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from the filter and the filter is placed into a clear plate liner (Wallac, Inc.). Added to each 
well is 100 of Microscint 20 (Packard). 

After standing at least six hours (preferably overnight), the plates are counted in a 
Trilux scintillation counter (Wallac, Inc.). Hie ability of a compound to inhibit GSK- 
5 3beta is detennined by including various concentrations of die compound in the reaction 
mixture and comparing the signal produced to the signal produced in a reaction mixture 
without the compound. 

The assay yields the molar concentration of the test compound that produces a 
50% inhibition of the GSK-3beta enzyme activity (IC50). The lower the value in this 
10 test, the more active the test compound is. The exemplified conqraunds exhibit ICso < 
0.2 nM. 

In the present invention, inhibitors that demonstrate 50% effective 
concentrations (ICso) of about 200 nM or less are preferred. Furrtfaermore, also 
preferred are those which show 50% effective concentrations of 50 nM or less, more 

15 preferably those which show 50% effective concentrations of 20 nM or less, and most 
preferably those which show 50% effective concentrations of 10 nM or less. It is also 
preferred, in the practice of the present invention, that the GSK-3 inhibitor achieve 
plasma exposures >1000 ng*hr/mL. Additionally; those GSK-3 inhibitors exhibiting 
a low IC50 value, such as below 10 nm, and plasma exposures <1000 ng*iu/niL 

2 0 represent a further preferred embodiment of the present invention. 



The glycogen synthesis assay measures the increase in the production of glycogen 
both in the absence and in the presence of insulin in the cells. This test is done accordmg 

25 to standard protocols. (Berger, J. and Hayes, N.S., Anal. Biochem.. 261, 159-163 (1998)). 
Briefly, 3T3-L1 adipocytes are plated and differentiated in a 96-well plate at 25,000 
cells/well. The plate is serum-starved overnight. The serum-starvation media is removed 
just prior to assay, and the plate is washed with 100 ^well Krebs-Ringer-Hepes buffer 
(EHBH). Hie KRBH is removed and 50 \il of compound (twice the amount of the final 

3 0 concentration) is added to the assay plate. Next, 50 pi of ^"^C-labeled glucose is added to 
the assay plate at 0. 1 ^Ci/well. The plate is then incubated at 3TX1 for 2 hours. 



Glvcocen Synthesis Assay 
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The plate is washed with 100 pL/weU of PBS. and the cells are lysed with 75 
^l/well of IN NaOH. The plate is heated at TO^HT for 20 minutes. An aliquot (50 jil) 
of the supernatant is transferred from the assay plate to a Millipoie FC filter plate 
containing 120 |x]/well of ice-cold ethanol. The plate is allowed to stand for 2 hours at 
5 4**C to facilitate precipitation. The ethanol is removed from the IBlter plate via a 
vacuum manifold, and the plate is washed with 100 uL/well of ice-cold 70% ethanol. 
The plate was allowed to dry overnight, and 75 (il/well of Microsdnt-20 was added to 
the filter plate. The plate was then counted on a Packard Topcount. The compound of 
Example 121 was tested in this assay and increased gllycogen synthesis by 3.7-fold at 
1 0 0. l(iM in the absence of insulin, and increased glycogen synthesis by 6.4-fold at 
O.lpM in the presence of insulin. 



1 5 test compound on blood glucose and triglycerides relative to insulin. (ELDAR- 
FINKLEMAN* H., et ^ Expression and C3iaracterization of Glycogen Synthase 
Kinase-3 Mutants and Their Effect on Glycogen Synthase Activity in Intact Cells, 
Proc. Nat. Acad Sci, 93, 10228-10233 (1996)). Briefly, ZDFrats (Charles River, 
Inc.) at six weeks of age are housed individually with free access to food and water. 

2 0 Rats are dosed with drug once daily by oral gavage, with the compound prepared as a 
suspension in 1% caboxymethylcellusolve/0.25% Tween 80 (CMC-Tween). Vehicle 
controls are dosed with CMC-Tween only. The duration of study varied according to 
the protocol used, with acute dosing studies lasting one day and dose escalation 
studies lasting seven days. Body weights and food consumption measurements are 

2 5 also perfonned once a week for seven-day studies. For measurement of blood glucose 

and triglycerides, blood samples of 600 pi are collected by the tail snip method. (The 
tail snip for blood sampling is as follows: 1-2 mm of the tail is snipped with a sharp 
blade. After collection of blood, a scab forms at the site of wound. This scab is 
removed and the tail is gently massaged for other subsequent bleedings.) Glucose and 

3 0 triglyceride determinations are performed on a Hitachi 912 metaboHc analyzer, with a 

kit utilizing the Trinder method. On temiination of study, specific tissues (e.g., heait, 
pancreas, adipose tissues, and liver) are excised to evaluate the effect of these drugs 



Glucose Lowering Assav 
The glucose lowering assay is an in vivo test that measures the effect of the 
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on their metabolic functions. The compound of Example 121 was tested in this assay 
and lowered glucose by 56% at a dose of 10 mg/kg. 

Ex Vivo Brain Assay 

5 The ex vivo brain assay assesses the GSK-3P kinase activity of the test compound 

in brain cortex tissue according to standard protocols (Wang, et al-* Anal, Biochem.. 220, 
397-402 (1994)). 

The ex vivo GSK-SP kinase activity of a compound is assayed following oral 
dosing of 2 to 3 month old PDAFP or CD-I mice. After a 20 mg/kg, 24-hour dose, 

1 0 followed by an additional three-hour dose, brain coitex tissue is dissected and 

homogenized in freshly prepared lysis buffer (10 mM K2HPO4 pH 7.2, 1 niM EDTA, 5 
mM EOTA, 10 mM MgCla, 50 mM ^-Glycerophosphate, 1 mM Na3V04, 2 mM DTT, 1 
pM Microcystin, COMPLETE protease inhibitor tablet, no detergent). Following a thirty- 
minute incubation on ice, cortex homogenate samples are centrifuged (100,000 O) for 30 

15 minutes at 4*K: (Ahmed, N.N., et Oncogene. 8, 1957 (1983)). The total protein 
concentration of homogenate is determined using the BCA method (Pierce). GSK-3P 
activity in cytosolic homogenate from vehicle- and compound-treated mice is then 
assayed. The kmase reaction occurs in a SO pi total volume containing 20 mM MOPS pH 
7.4, 25 mM ^-glycerol phosphate, 5 mM EGTA, 1 mM NA3VO4, 1 mM DTT, 15 mM 

2 0 MgCl2, 100 pM cold ATP, 200 pM CREB peptide, 10 [jJL cytosoUc cortex brain 

homogenate, and 5 jiCi 7-^^P-ATP. The reactions are incubated for thirty minutes at 30^C 
using a Costar round-96 polypropylene plate. Reactions are then stopped with the 
addition of 10% H3PO4 and transferred to a Millipore MAPH-NOB 96-well 
phosphocellulose plate. Next, the reaction is incubated at room temperature for 1.5 hours, 
25 filtered and washed with 320 jjI 0.75% H3PO4, and filtered and washed with 160 \i\ 

H3PO4 at the same concentration using a vacuum manifold. The filter plate is then placed 
in a carrier plate, and lOOjil of Microscint 20 is added to each well. The plate is sealed 
with sealing tape and incubated overnight at room temperature. The following day, the 
filter plate is read for on Top Count (Packard). Fmally, CPM is normalized to CPM 

3 0 per ^g of total protein. The compound of Example 121 was tested in this assay and 

inhibited kinase activity by 30% at a dose of 20 mg/kg. 
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Beta-Catenin Protection Assay 
TTie beta-cataiin assay is the fold induction over basal beta-catenin and is 



performed according to standard protocols (Hedgepeth, CJM., Dev. BioL, 185, 82-91 
(1997); Chen, G., et al., J. Neurochem.. 72, 1327-1330 (1999); Hong, M., stM-. L 
5 Biol. Chem,, 272, 25326-25332 (1997)), 

Hie human familial Alzheimer's disease (FAD) presenilin-1 AG04160C 
lymphoblast cell line (Coriell Cell Repositoiy, Camden, NJ) is maintained as a suspension 
culture in RPMI 1640 (with L-Glutamine) supplemented with 10% fetal bovine serum and 
1% penicillin-streptomycin in an atmosphere of 37°C and 5% CO2- The AG04160C FAD 

10 lymphoblast cells axe seeded in T-25 cm^ flasks at 2.5 to 5.0 XIO^ cells/ml in a total 
volume of 10 ml. Following 16-18 hours of growth, cells are treated with compound at 
concentrations of 0.1 pM, 1.0 |jM, and 10 \M, and are incubated for an additional 24 
hours. At the completion of the 24-hour incubation, cells are harvested, washed with PBS, 
and lysed in £reshly prepared lysis buffer (10 mM K2HPO4 pH 7.2, 1 mM EDTA, 5 mM 

15 EGTA, 10 mM Mga2. 50 mM P-Glycerophosphate, 1 mM NaaVOA, 2 mM DIT, 1 pM 
Microcystin, 1 mM PMSF, 10 jig/ml leupeptin, 1 p.g/ml pepstatin, 1 ^ig/ml aprotinin, 1% 
Triton X-100). After a thirty-minute incubation on ice, cells are centrifuged (14,000 rpm) 
for 30 minutes at 4*^C, and resulting supematants are used as whole ceU lysates. The total 
protein concentration in whole cell lysate samples is determined using the BCA method 

20 (Pierce). Next, 15 jig of sample is loaded on a 10% Bis-Tris NuPage gel and transferred 
to a pure nitrocellulose membrane followed by p-catenin inwnunoblot analysis using a P- 
catenin specific antibody (Transduction Labs). The p-catenin accumulation/stability is 
then quantified following densitometry analysis of protein bands (Kodak Digital Science). 
Final results are reported as fold induction over basal P-catenin. The compound of 

2 5 Example 121 was tested in this assay and induced a 9.8-fold induction of p-catenin at 0.1 

MM. 

Bone Deposition 

Vehicle or test compound in vehicle (1% Carboxymethyicellulose sodium, 0.25% 

3 0 Polysoibate 80, and 0.05% Dow Coming Antifoam 15 10-US in purified water) is 

administered orally by gavage to female Fischer 344 rats daily for 4 days with three rats in 
each dosage group. Tlie rats are delivered for necropsy and sections of formalin-fixed, 
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parafBn-embedded bone are examined nxicroscopically to evaluate osteoblast proliferation 
and deposition of osteoid. 

The compounds in the following tables were tested essentially as described above 
and hypertrophy and proliferation of osteoblasts along surfaces of medullary trabecula and 



5 the cortical periosteum accompanied by production of osteoid was observed. 



Compound 
(Example #) 


10 mg/kg 




150ms/kg 


200m&/fa^ 


264 


Not tested 


+ 


Not tested 


Not tested 


252 


Not tested 


+ 


Not tested 


Not tested 


321 


Not tested 


+ • 


Not tested 


Not tested 


334 


Not tested 


+ 


Not tested 


Not tested 


365 




+ 


Not tested 


Not tested 


351 


Not tested 


+ 


Not tested 


Not tested 


427 


Not tested 


+ 


Not tested 


Not tested 


560 


Not tested 


+ 


+ 


Not tested 

/"•a 


472 


Not tested 




Not tested 


+ 



"+*' = hypertrophy and proliferation of osteoblasts with production of osteoid observed 

= hypertrophy and proliferation of osteoblasts with production of osteoid not observed 
at this dose 

^'Not tested" = compound not tested at this dose 



10 Hie compound of Exanq)le 365 was tested again essentially as described above at 

0, 3, 10, and 30 mg^ with four rats at each dosage level for 21 days. Hie vertebra and 
the femur were submitted for analysis of bone mineral density (BMD), bone mineral 
content (BMC), and cross sectional area following 21 days of daily dosing with the 
compound of Example 365. The results from this analysis indicate a significant increase 

15 in BMD and BMC relative to control (p<0.05) without a significant change in cross 
sectional area in both vertebra and femur. Osteoblast proliferation occurred early 
followed by deposition of new bone by Day 21, but osteoblast proliferation and trabecular 
hypertrophy were confined to rats given 30 mg/kg of the compound of Example 365 in 
this study. 

2 0 These data illustrate that short-term exposure to GSK-3 inhibitors stimulates 

deposition of new and fuhctional bone. 
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QvariectomiTftH Rat Assay 
Six-month-old virgin Sprague-Dawley rats are maintained on a 12-hour light, 12- 
hour dark cycle at 22**C with ad /iifejsz^ccess to food (TD89222 with 0.5% calcium and 
0.4% phosphate, TeWad, Madison, WIQ and water. Bilateral or sham ovariectomies are 
performed on the rats and they ate allowed to lose bone for 1 month. When the rats are 7 
months old, sham and ovariectomized (Ovx) controls (7 animals per group) are oraUy 
administered vehicle (1% carboxymethyl cellulose/0.25% Tween 80) and a second group 
of 7 Ovx animals is orally administered the test compound in vehicle. Dosing is done 
once a day for 2 months. At the end of 2 months, rats are euthanized using CO2 
anesthesia and left femur and vertebra are removed, cleaned of soft tissue and stored in 
50% ethanol/saline. Bones are analyzed by QCT as described previously (Sato M, 
Comparative x-ray densitometry of bones from ovariectomized rats. Bone 17:157S-162S 
(1995); Sato M., Kim J,, Short Li., Slemenda C.W, Bryant KU., Longitudinal and cix)ss- 
sectional analysis of raloxifene effects on tibiae fixjm ovariectomized aged rats. J 
Pharmacol Exd Ther 272:1252-1 250 (1995)). 

Ovariectomy reduced vertebral bone mineral density (BMD) by 18 % and femoral 
midshaft BMD by 5.1%. Oral administration of the compound of Example 252 at 3 
mg/kg increased both vertebral BMD and femoral midshaft BMD back to sham control 
levels (P<0.05 compared to Ovx control). Thus, the compound of Example 252 was 
active in restoring lost bone both at trabecular and cortical bone sites. 

Oral administration of the compounds of the present invention is preferred. 
However, oral administration is not the only route or even the only prefraed route. For 
example, transdermal administration may be very desirable for patients who are forgetful 
or petulant about taking oral medicine, and the intravmous route may be preferred as a 
matter of convenience or to avoid potential complications related to oral administration. 
Compounds of Formula I may also be administered by the percutaneous, intramuscular, 
intranasal or intrarectal route in particular circumstances. The route of administration 
may be varied in any way, limited by the physical properties of flie dmgs, the convenience 
of the patient and the caregiver, and other relevant circumstances (Remington's 
Pharmaceutical Sciences, 18th Edition, Mack Publishing Co. (1990)). 
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The phamiaceutical compositions are prepared in a manner well known in the 
pharmaceutical art. Hie carrier or excipient may be a solid, semi-solid, or liquid material 
that can serve as a vehicle or medium for the active ingredient. Suitable carriers or 
excipients are well known in the art. Hie pharmaceutical composition may be adapted for 
oral, inhalation, parenteral, or topical use and may be administeied to the patient in the 
form of tablets, capsules, a^osols, inhalants, suppositories, solutions, suspensions, or the 
like. 

The compounds of the piesent invention may be administered orally, for example, 
with an inert diluent or capsules or compressed into tablets. For the purpose of oral 
therapeutic admmistration, the compounds may be incorporated with excipients and used 
in the form of tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing 
gums and the like. Hiese preparations should contain at least 4% of the compound of the 
present invention, the active ingredient, but may be varied depending upon the particular 
form and may conveniently be between 4% to about 70% of the weight of the unit. The 
amount of the compound present in compositions is such that a suitable dosage will be 
obtained. Preferred compositions and preparations of the present invention may be 
determined by methods well known to the skilled artisan. 

The tablets, pills, capsules, troches, and the Uke may also contain one or more of 
the following adjuvants: binders such as povidone, hydroxypropyl cellulose, 
microcrystalline cellulose, or gelatin; excipients or diluents such as: starch, lactose, 
microcrystalline cellulose or dicalcium phosphate, disintegrating agents such as: 
croscarmellose, crospovidone, sodium starch glycolate, com starch and the like; lubricants 
such as: magnesium stearate, steric acid, talc or hydrogenated vegetable oil; glidants such 
as colloidal silicon dioxide; wetting agents such as: sodium lauryl sulfate and polysorfoate 
80; and sweetening agents such as: sucrose, aspartame or saccharin may be added or a 
flavoring agqnt such as: peppermint, methyl salicylate or orange flavoring. When the 
dosage unit form is a capsule, it may contain, in addition to materials of die above type, a 
liquid carrier such as polyethylene glycol or a fatty oil. Other dosage unit forms may 
contain other various materials that modify the physical f om of the dosage unit, for 
example, as coatings. Thus, tablets or pills may be coated with sugar, hydroxypropyl 
methylcellulose, polymethacrylates, or other coating agents. Syrups may contain, in 
addition to the present compounds, sucrose as a sweetening agent and certain 



# 
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preservatives, dyes and colorings and flavors. Materials used in preparing these various 
compositions should be pharmaceutically pure and non-toxic in the amounts usedL 

The compounds of Formula I are generally effective over a wide dosage range. 
For example, dosages per day normally fall within the range of about 0.0001 to about 
30 mg^ of body weight In some instances dosage levels below the lower limit of 
the aforesaid range may be more than adequate, while in other cases still larger doses 
may be employed without causing any harmful side effect, and therefore the above 
dosage range is not intended to limit the scope of the invention in any way. It will be 
understood that the amount of the compound actually administered will be determined 
by a physician, in the light of the relevant circumstances, including the condition to be 
treated, the chosen route of administration, the actual compound or compoimds 
administered, the age, weigiht, and response of the individual patient, and the severity 
of the patient's symptoms. 
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WE CLAIM: 

1. A cx>mpoundof Fonnulal: 




where: 

5 is hydrogen, halo, or C1-C4 alkyl; 

misO, 1, 2, 3, or 4; 

R is -{CHzV, -CH(CH3)-. -CCCHjV. -CHz-Q'-CHz-. or 
-CH(OH)-CH{OH)-CH2-; 

is CH(OH) or carbonyl; 
10 nisO, 1,2, 3, or 4; 

W-X-Y is -Cai2-CH2.CH2-, -CH(R^>N(R^)-CH(RV, -N(R^-C(0>CH2-, 
-C(0)-Q^-C«r, -CH(R'>0-C3l2., or -CH(R3>N(R^-C(0)-; 
Q^is-N(RVor-CH2-; 

R^ is hydrogen, -(C1-C4 alkylene)-R^, C5-C7 cycloalkyl, tetrahydn>pyran-4-yl, 
15 pyridinyl, pyriimdinyl, triazolyl optionally substituted witfi amino, benzothiazol-2-yl, 
-C{S)-(moipholm-4-yl or C1-C4 alkoxy), -C(NR*^R", -C(0)R^ -C02R^ -CO(NR*R^, 
S02(NR^% -S02(Ci-C4 alkyl), or an amino acid residue; 

R^ and R^' are independentiy selected from the group consisting of hydrogen and 
C1-C4 alkyl provided that only one of R^ and R^' may be C1-C4 alkyl; 
20 R"^ is hydrogen or C1-C4 alkyl; 

R^ is hydrogen, pentahaloethyl or trihalomethyl, cyano; hydroxy, C1-C4 alkoxy 
optionally substituted with C1-C4 alkoxy, Ca-Q cycloalkyl, phenyl optionally substituted 
with up to three substituents independentiy selected from the group consisting of halo and 
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C1-C4 alkoxy, pyiidinyl, imidazolyl optionally substituted on a nitrogen atom with Ca-Q 
cycloalkyl, morpholin-4-yl, pyiroUdin-l-yl, -CO2H, -CO(CrC4 alkoxy), -CO(NR^R^, - 
NR^^ or -(morpholin-4-yl)carbonyl; 

is hydrogen, Ci-Cio alkyi optionally substituted with up to three halo 
5 substituents, l-amino-2-methoxyeth-l-yl, Cs-Q cycloalkyl, pyridinyl optionally 
substituted with C1-C4 alkyl, trifluoromettiyl, caiboxyl, or (C1-C4 alkoxy)caibonyl, 
pyridinyl-N-oxide, pyrazinyl, pyrimidinyl, imidazolyl, morpholin-4-yl optionally 
substituted with up to two C1-C4 alk^ groups, [l,4]oxa2epin-4-yl, azetidin-4-yl, 
tetrahydiopyran-4-yl, 3-niethyl-6,7Hiihydropynolo[l,2-a]iniidazol-6-yl, piperazin-4-yl 
1 0 optionally substituted in the 4 position with phenyl or C1-C4 all^l, pyrrolidin-l-yl, 
piperidin-l-yl optionally substituted in the 4-position with 0x0 or geminal dimethyl, 
piperidin-4-yl optionally substituted in the 1-position with (C1-C4 alkoxy)caibonyl or Cj- 
C4 alkyl, or -(C1-C4 alkylene>R*®; 

R^ is C1-C6 alkyl optionally substituted with halo, 2-methoxyeth-l-yl, -(C1-C2 
15 alkyIene)-(morpholin-4-yl or pyrrolidm-2-on-l-yl), or phenyl optionally substituted with 
one or two substituents independently selected from the group consisting of halo, C1-C4 
alkyl, C1-C4 alkoxy, and trifluoromethyl; 

R^ is hydrogen or Ci-Ce alkyl optionally substituted with C1O4 alkoxy; 
R^ is hydrogen or Ci-Ce alkyl optionally substituted with C1-C4 alkoxy; 
20 R^° is -OCH2CH2OCH3, -NR^^^^ C3-C6 cycloalkyl, morpholin-4-yl, 

thiomorpholin-4-yl, l,l-dioxothiomorpholin-4-yl, piperidin-l-yl, pyrrolidin-2-yl 
optionally substituted at the 1-position with C1-C4 alkyl, or imidazolyl optionally 
substituted witii nitro; 

Ar is benzofur-4-yl, benzofur-7-yl, benzothien-4-yl, benzothien-7-yl, 1- 
2 5 (R")benzimidazol-4-yl, l-(R")indol-4-yl, indol-7-yl, isoquinoIin-5-yl, 23-dihydrobenzo- 
fur-4-yl, 2,3-dihydrobenzofur-7-yl, l,3-dihydiQisobenzofur-4-yl, 13-dihydroisobenzofur- 
5-yl. benzo[l,3]dioxol-4-yl, benzo[13]dioxol-5-yl, 2,3-dihydrobenzo[l,4]dioxin-5-yl, 
2,3-dihydrobenzo[l,4]dioxin-6-yl, 2',2*-di£IuQrobenzo[l,3]dioxol-4-yl, or 2',2*-difluoro- 
benzo[l,3]dioxol-S-yl each optionally substituted in the phenyl ring with substituents R^^ 
3 0 and R^^ or Ar is a group selected from imidazo[l,2-a]pyiidin-3-yl optionally substituted 
with one or two substituents independentiy selected from the group consisting of halo, 
amino; Ci-C4 alkyl, C1-C4 alkoxy, benzyloxy, cyano, and trifluoromediyl, 5,6,7,8- 
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tetiahydroimidazo[l,2-a]pyridin-3-yl, iinidazo[l,2-a]pyridin-5-yl, iinidazo[l,2- 
a]pyriimdin-3-yi optionally substituted with amino, imida2o[l,2-c]pyrinudin-3-yl, 
imidazo[i;2-fl]pyrazin-3-yl, iniidazo[l,2-^]pyrida2in-3-yl, imidazo[2,l-^]thiazol-3-yl, 
thiazolo[3^-i][l,2.43triazol-6-yl, furo[3^-c]pyridin-7-yl optionally substituted with halo 
or -NR*^", thieno[3,2-6]pyridin~7-yl, pyrazolo[23-a]pyridin-3-yl, pyrazolo[l,5- 
a]pyiidin-3-yl, or 4^,6,7-tetrahydiopyra2olo[l ^]pyridin-3-yl; 
R" is hydrogen, Ci-Q alkyl, or -(C3I2)p<j; 

R" is halo, hydroxy, amino, C1-C4 alkoxy, -NHC(0)(Ci-C4 alkyl), or 
-0-(CH2)p-G; 

R" is halo; 

pis 2, 3, 4, or 5; 

Gis hydroxy or NR^^^^ 

R^^ and R^^ are independently selected firom the group consisting of hydrogen and 
C1-C5 alkyl; 

R^^ is hydrogen or cyano, 

R^^ is -NR^^, C1-C4 alkyl, morpholin-4-yl , or piperidin-l-yl; or a 
pharmaceutically acceptable salt thereof, provided that when n is 0, W-X-Y is not 
-CH(R^>N(R2>C(0)-. 

2. A compound of Claim 1 where Ar is benzofur-4-yl, benzofur-7-yl, or 2,3- 
dihydrobenzofiir-7-yl optionally substituted in the phenyl ring with substituents R^^ and 



3. A compound of Qaim 1 where Ar is imidazo[l,2-a]pyridin-3-y] optionally 
substituted with one or two groups independently selected from halo, C1-C4 alkyl, or C|- 
C4 alkoxy. 

4. Acompoundof any of Claims 1,2, or 3 where W-X-Y is 
-CH(R'>N(R^>CH(RV 



R 



13 



5. A compound of Claim 4 where R^ is -C(0)R^. 
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6. A pharmaceutical fonnulation comprising a compound of any of Claims 1-5 in 
combination with a phannaccsuticaDy acceptable camec. diluent or excipienL 

7. A method of treating diabetes in a mammal comprising administering to a 

5 mammal in need of such treatment an effective amount of a compound of any of Qaims 
1-5. 

8. A method of treating Al2dieimer's disease in a manmial comprising 
administering to a mammal in need of such treatm«it an effective amount of any of 

10 Claims 1-5. 

9. A mediod of inhibiting GSK-3 in a mammal comfwising administraing to a 
mammal in need of such treatment a GSK-3 inhibiting amount of a compound of any of 
Claims 1-5. 
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